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FOREWORD 


This is Volume IV - Transportation Analyses ^ of the SPS 
Concept Definition Study final report as submitted by Rockwell 
International through the Satellite Systems Division. In addi- 
tion to effort conducted in response to the NASA/MSFC Contract 
NAS8-32475, Exhibit C, dated March 28, 1978, company sponsored 
effort on a Horizontal Take-Off, Single-Stage-to-Orbit concept 
is included. 

The SPS final report will provide the NASA with additional 
information on the selection of a viable SPS concept and will 
furnish a basis for subsequent technology advancement and veri- 
fication activities. Other volumes of the final report are 
listed as follows: 

Volume Title 

I Executive Summary 

II Systems Engineering 

III Experimentation/Verification Element Definition 

V Special Emphasis Studies 

VI In-Depth Element Investigations 

VII Systems/Subsystems Requirements Data Book 

The SPS Program Manager, G. M. Hanley, may be contacted on any 
of the technical or management aspects of this report. He may be 
reached at 213/594-3911, Seal Beach, California. 
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1.0 INTRODUCTION 



1.0 INTRODUCTION 


The SPS transportation system, not unlike the SPS, presents a formidable 
challenge to our current concepts of space-oriented endeavors. Cost, more 
than ever, becomes the key denominator in transportation system selection. 
Methods of reducing transportation costs contribute significantly to the 
establishment of the SPS as a viable energy source option. 

During previous phases of the SPS Concept Definition Study (Exhibits A 
and B) , various transportation system elements were synthesized and evaluated 
on the basis of their potential to satisfy overall SPS transportation require- 
ments and of their sensitivities, interfaces, and impact on the SPS. Study 
results led to the preliminary selection of preferred system concepts, as 
illustrated in Figure 1.0-1. However, the limited scope of the previous 
study effort precluded generation of sufficient substantiating data supportive 
of the SPS point design. The objective of this phase (Exhibit C) was to pro- 
vide that data. 


Z1.3KII 

(14.S1SMI) 






Figure I.O-i. Transportation System Options — Vehicle Size Comparisons 
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Additional analyses and investigations have been conducted to further 
define transportation system concepts that will be needed for the developmental 
and operational phases of an SPS program. To accomplish these objectives, 
transportation systems such as Shuttle and its derivatives have been identified; 
new heavy-lift launch vehicle (HLLV) concepts, cargo and personnel orbital 
transfer vehicles (EOTV and POTV) , and intra-orbit transfer vehicle (lOTV) 
concepts have been evaluated; and, to a limited degree, the program implica- 
tions of their operations and costs were assessed. The results of these anal- 
yses have been integrated into other elements of the overall SPS concept 
definition studies. 

Emphasis, in the area of HLLV analyses, was initially directed toward an 
update of the Rockwell winged, single-stage, air-breathing HLLV and in perform- 
ing a comparative evaluation of that configuration with a two-stage version of 
that concept. Upon completion of the HTO-SSTO update, effort in this area was 
redirected toward the development of an alternate vertical launch/horizontal 
landing two-stage HLLV concept with a concomitant reduction of effort in the 
operations definition tasks. Configuration updates and additional data rela- 
tive to the feasibility and cost of the cargo EOTV and POTV concepts were 
generated and requirements and concepts definition of an lOTV were pursued. 
Within each of these areas, supporting programmatic data (e.g., costs and 
schedule requirements) for the transportation system elements were developed. 

SPS program and transportation system analyses continue to show that the 
prime element of transportation systems cost, and SPS program cost, is that 
of payload delivery to LEO or HLLV f easibility/cost . 
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2.0 TRANSPORTATION SYSTEM ELEMENTS 





2.0 TRANSPORTATION SYSTEM ELEMENTS 


As identified in previous study phases (Exhibits A and B) , the SPS pro- 
gram will require a dedicated transportation system. In addition, because of 
the high launch rate requirements and environmental considerations, a dedicated 
launch facility for the vertical launch HLLV configurations is indicated. 

The major elements of the SPS transportation system consist of the 
following: 

• Heavy-Lift Launch Vehicle (HLLV) — SPS cargo to LEO 

• Personnel Transfer Vehicle (PTV) — Personnel to LEO (Growth STS) 

• Electric Orbit Transfer Vehicle (EOTV) — SPS cargo to GEO 

• Personnel Orbit Transfer Vehicle (POTV) — Personnel from 
LEO to GEO 

• Personnel Module (PM) — Personnel carrier from earth-LEO-GEO 

• Intra-Orbit Transfer Vehicle (lOTV) — On-orbit transfer of 
cargo/personnel 

Two basic SPS HLLV cargo delivery options were considered — a horizontal 
takeoff, single-stage-to-orbit (HTO/SSTO) HLLV (Figure 2.0-1) and a two-stage 
vertical takeoff horizontal landing (VTO/HL) HLLV (Figure 2.0-2). The latter 


CREW 

COMPARTME^^T 


CARGO BAY 
91,000 KG PAYLOAD 
(200,000 LB) 


GLOW 1 .95 X iqf TO 2.27 X 10^ KG 
(4.3X10^ TO 5.0X10* LB) 
AIRPORT RUNWAY TAKEOFF 

parachute recovered launch gear! 



MAIN LANDING GEAR 
(JETTISONABLE LAUNCH 
GEAR NOT SHOWN) 


VARIABLE INLET 
5 SEGMENT RAMP 
CLOSES FOR: 
ROCKET BOOST 
REENTRY 


AIRBREATHER 
PROPULSION 
(10 ENGINES) 


ROCKET PROPULSION 
(3 HIGH PRESSURE TYPE) 


LH2 tank 


Figure 2.0-1. HTO/SSTO HLLV Concept 
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Figure 2.0-2. VTO/HL HLLV Concept 

configuration option was established as the preferred or "baseline" concept 
for this study phase because of the uncertainty in technology readiness of the 
HTO/SSTO concept. A third, interim HLLV requirement was identified, to be 
employed during the initial SPS program development phase (Figure 2.0-3). This 
vehicle is designated as a Shuttle-derived or "Growth Shuttle" HLLV (STS -HLLV) . 
This launch vehicle utilizes the same elements as the PLV (described below) , 
except the orbiter is replaced with a payload module and an auxiliary recover- 
able engine module to provide a greater cargo capability. 



Figure 2.0-3. STS-HLLV Configuration 
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The Personnel Launch Vehicle (PLV) is used to transfer the SPS con- 
struction crew from earth to LEO. This launch vehicle is a modified Shuttle 
Transportation System (STS) configuration. The existing STS solid rocket 
boosters (SRB) are replaced with reusable liquid rocket boosters (LRB) , thus 
affording a greater payload capability and lower overall operating cost, 
(Figure 2.0-4). The personnel module (described below) is designed to fit 
within the existing STS orbiter cargo bay. This vehicle will be utilized 
throughout the SPS program for the VTO/HL HLLV cargo delivery concept. 



Figure Growth Shuttle PLV 


The Electric Orbital Transfer Vehicle (EOTV) is employed as the primary 
transportation element for SPS cargo from LEO to GEO. The vehicle configur- 
ation (Figure 2.0-5) defined to accomplish this mission phase utilizes the 
same power source and construction techniques as the SPS. The solar array 
consists of two **bays" of the SPS, electric argon ion engine arrays, and the 
requisite propellant storage and power conditioning equipment. The vehicle 
configuration, payload capability, and "trip time" have been established on 
the basis of overall SPS compatibility. 

The Personnel Orbit Transfer Vehicle (POTV) , as described herein, con- 
sists of that propulsive element required to transfer the Personnel Module 
(PM) and its crew/construction personnel from LEO to GEO. The mated config- 
uration of POTV/PM is depicted in Figure 2.0-6. The POTV consists of a single, 
chemical (LOX/LH 2 ) rocket stage which is initially fueled in LEO and refueled 
in GEO for return to LEO. The POTV has been sized such that it is capable of 
fitting within the existing STS cargo bay and the growth STS payload delivery 
capability. 
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The personnel module is designed to transport a SO-^man construction 
crew from LEO to GEO to LEO (Figure 2.0-6). Primary considerations in sizing 
the PM were given to SPS construction crew demands and compatibility with the 
PLV concept. A considerable degree of latitude remains in the ultimate defin- 
ition of a PM/POTV concept. 

The intra-orbit transfer vehicle is defined in concept only. Because of 
the potential problems associated with docking and cargo transfer between the 
HLLV and EOTV in LEO and the EOTV and GEO construction base, a transfer vehicle 
capable of accomplishing this function is postulated. From cost and program- 
matic aspects of the overall SPS program, this element is depicted as a 
chemical rocket stage, manned or remotely operated. 

In the following sections, each transportation system element will be 
discussed in more detail and the rationale for configuration selection pre- 
sented. However, in order to maintain a continuity of data presentation, 
appendixes have been added to provide the substantiating technical analyses 
and trade study results where applicable. 
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3.0 POINT DESIGN 



3.0 TRANSPORTATION SYSTEM REQUIREMENTS 


As previously identified, the SPS will require a dedicated transportation 
system. In addition, because of the high launch rates and certain environmental 
considerations, it appears that a dedicated launch facility will also be required 
for SPS HLLV launches. Transportation system LEO operations are depicted in 
Figure 3.0-1. The SPS HLLV delivers cargo and propellants to LEO, which are 
transferred to a dedicated electric OTV (EOTV) by means of an intra-orbit 
transfer vehicle (lOTV) for subsequent transfer to GEO. 



Figure 5.0-1. SPS LEO Transportation Operations 

Space Shuttle transportation system derivatives (heavier payload capabil- 
ity) are employed for crew transfer from earth to LEO. The Shuttle-derived HLLV 
is employed early in the program for space base and precursor satellite construc- 
tion and delivery of personnel orbit transfer vehicle (POTV) propellants. This 
element of the operational transportation system is phased out of the program 
with initiation of first satellite construction, or sooner. 
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Transportation system GEO operations are depicted in Figure 3.0-2. Upon 
arrival at GEO, the SPS construction cargo is transferred from the EOTV to the 
SPS construction base by lOTV. The POTV with crew module docks to the construc- 
tion base to effect crew transfer and POTV refueling for return flight to LEO. 
Crew consumables and resupply propellants are transported to GEO by the EOTV. 



Figure 3.0-2. SPS GEO Transportation Operations 


Transportation system requirements are dominated by the vast quantity of 
materials to be transported to LEO and GEO. Tables 3.0-1, 3.0-2, and 3.0-3 
summarize the mass delivery requirements, and numbers of vehicle flights, for 
the baseline transportation elements. All mass figures include a 10% packaging 
factor. Table 3.0-1 summarizes transportation requirements for construction of 
the first satellite. Table 3.0-2 is a summary of requirements during the total 
satellite construction phase (i.e., the first 30 years). The average annual 
mass to LEO during this phase is in excess of 130 million kilograms with more 
than 750 HLLV launches per year. Table 3.0-3 presents a total program summary 
through retirement of the last satellite after 30 years of operation. Mass and 
flight requirements are separated between that required to construct the 
satellites and that required to operate and maintain the satellites. As 
indicated, the masses are nearly equal. 
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Table 3.0-1. TFV Transportation Requirements 
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Table 3.Q-2. SPS Program Transportation Requirements, 
30-Year Construction Phase 
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Table 3.0r-3. Total Transportation Requirements, 60<-Year Program 



MASS X 
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4.0 HEAVY-LIFT LAUNCH VEHICLE 



4.0 HEAVY LIFT LAUNCH VEHICLE 


Initial Heavy Lift Launch Vehicle (HLLV) studies were directed toward a 
horizontal takeoff single stage to orbit (HTO/SSTO) concept advanced by 
Rockwell during Exhibit A and B study phases. After providing an update of 
the HTO/SSTO, the reference launch vehicle configuration for the Exhibit C 
study phase was changed to a two stage vertical takeoff -horizontal landing 
(VTO/HL) configuration. This section of the report is directed toward the 
"Reference Vehicle" concept only. A summary of the HTO/SSTO effort conducted 
under a company sponsored program is included in Appendix A. An interim 
shuttle derived or "growth" shuttle HLLV configuration has been identified to 
satisfy early SPS precursor satellite construction requirements; and, because 
of it’s similarity to the personnel launch vehicle (PLV) , is discussed in that 
section of the report. In addition, the reference HLLV trade studies data are 
included in Appendix B along with the reference HLLV trajectory. 


4.1 HLLV REQUIREKENTS/GROUND RULES 


The primary driver in establishing HLLV requirements is the construction 
mass flow requirement (Section 3). Other factors include propellant cost/ 
availability and environmental considerations. The basic ground rules and 
assumptions employed in vehicle sizing are summarized in Table 4.1-1. 

Table HLLV Sizing - Ground Rules /Assumptions 


• TWO -STAGE VERTICAL TAKEOFF/HORiZONTAL LANDING (VTO/HU 

• FLY BACK CAPABILITY BOTH STAGES - ABES FIRST STAGE ONLY 

• PARALLH BURN WITH PROPELLANT CROSSFEED 

• LOX/RP FIRST STAGE - L0XrtJ^2 SECOND STAGE 

• HI Pc GAS GENERATOR CYCLE ENGINE - FIRST STAGE (ij (VAC) - 352 SEC.| 

• HI Pc STAGED COMBUSTION ENGINE - SECOND STAGE |ls (VAC) - 466 SEC.) 

• STAGING VaOCITY - HEAT SINK BOOSTER COMPATIBLE 

• CIRCA 1990 TECHNOLOGY BASE - BAC/MMC WEIGHT REDUCTION DATA 

• ORBITAL PARAMETERS - 487 KM i 31. 6® 

• PAYLOAD CAPABILITY - 227 x 1()3 KG UP^45 KG DOWN 

• THRUST/WEIGHT - 1.30 LIFTOFF/3. 0 MAX 

• 15» WEIGHT GROWTH ALLOWANCE/0.75% MARGIN 


The two stage VTO/HL HLLV concept with a payload capability of approxi- 
mately 227,000 kg (500,000 lb) was adopted for a reference configuration. The 
payload capability was limited in order to maintain a ’’reasonable" vehicle size. 
Both stages have flyback capability to the launch site. The first stage only 
utilizes air breathing engines for return to launch site; the second stage is 
recovered in the same manner as the STS orb iter. 
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The launch vehicle utilizes a parallel burn mode with propellant cross- 
feed from the first stage tanks to the second stage engines. The first stage 
employs high chamber pressure gas generator cycle LOX/HP fueled engines with 
LH 2 cooling and the second stage employs a staged combustion engine similar 
to the space shuttle main engine (SSME) which is LOX/LH 2 fueled. 

Although trade studies were conducted, a vehicle staging velocity compat- 
ible with a heat .sink booster concept is desirable from an operations stand- 
point. Technology growth consistent with the 1990 time period was used to 
estimate weights and performance. The expected technology improvements are 
summarized in Table 4.1-2. Orbital parameters are consistent with SPS LEO 
base requirements and the thrust Co weight limitations are selected to minimize 
engine size and for crew/passenger comfort. Growth margins of 15% in inert 
weight and 0.75% in propellant reserves were established. An STS scaling 
program was adapted for SPS HLLV sizing. 

Table 4.1-2, Technology Advancement 
- Weight Reduction 


MOY STRUCTURE 

I7» 

WING STRUCTURE 


VERTICAL TAIL 

18% 

CANARD 

12% 

THERMAL PROTECTION SYSTEM 

20% 

AVIONICS 

15% 

ENVIRONMENTAL CONTROL 

15 % 

REACTION CONTROL SYSTEM 

15% 

ROCKET ENGINES 


Ut STAGE THRUST/UEIGHT - 

120 

2nd STAGE THRUST/WEIGHT • 

80 


4.2 HLLV CONFIGURATION 


The reference HLLV configuration is shown in Figure 4.2-1 in the launch 
configuration. As illustrated, both stages have common body diameter, wing 
and vertical stabilizer; however, the overall length of the second stage 
(orbiter) is approximately 5 meters greater than the first stage (booster). 

The vehicle gross liftoff weight (GLOW) is 15,730,000 lb with a payload capa- 
bility of 510^000 lb to the reference earth orbit. A summary weight statement 
is given in Table 4.2-1. The propellant weights indicated are total loaded 
propellant (i.e., not usable). The second stage weight (ULOW) includes the 
payload weight. During the booster ascent phase, the second stage LOX/LH 2 
propellants are crossfed from the booster to achieve the parallel bum mode. 
Approximately 1.6 million pounds of propellant are crossfed from the booster 
to Che orbiter during ascent. 
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1 

« 

Vi 

HLLV Mass 

Properties 


KG 

LB 

GLOW 

7.14 

15.73 

BLOW 

4.92 

10.34 

Wp» 

4.49 

5.89 

ULOV 

2.22 

4.89 

Wp2 

1.66 

3.65 

PAYLOAD 

0.23 

0.51 


4.2.1 HLLV FIRST STAGE (BOOSTER) 

The HLLV booster is shown in the landing configuration in Figure 4.2-2. 

The vehicle is approximately 300 feet in length with a wing span of 184 feet 
and a maximum clearance height of 116 ft. The nominal body diameter is 
40 feet. The vehicle has a dry weight of 1,045,500 lb. Seven high gas 
generator driven LOX/RP engines are mounted in the aft fuselage with a nominal 
sea level thrust of 2.3 million pounds each. Eight turbojet engines are mount- 
ed on the upper portion of the aft fuselage with a nominal thrust of 20,000 lb 
each. A detailed weight statement is given in Table 4.2-2. The vehicle pro- 
pellant weight summary is projected in Table 4.2-3. 

4.2.2 HLLV SECOND STAGE (ORBITER) 

The HLLV orbiter is depicted in Figure 4.2-3. The vehicle is approximate- 
ly 317 feet in length with the same wing span, vertical height, and nominal 
body diameter as the booster. The orbiter employs four high Pq staged combus- 
tion LOX/LH 2 rocket engines with a nominal sea level thrust of 1.19 million lb 
each. 
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•CROSS FEED, DUAL DELTA 
DRY WING, iyo» 7.5 


CREW COMPT 
VOL - 84.94 m3 


RP-1 TANK 
VOL - 1181.0 m3 
WT- 925,741 KG 


ROCKET ENGINES - 7 REQ'D 
TOTAL THRUST - 71,441,960 N(S.U 



AIR BREATHER 
FLYBACK 

ENGINES- 8 REQ'D 
total THRUST- 
711,716N 
M - 0.8; h - 6095 M 


91.728 M 


Figure 4,2-2. HLLV First Stage (Booster) 
- Landing Configuration 


Table 4,2~2. HLLV Weight Statement 
kgXlO-^ (Ib^lO-^) 


SUBSYSTEM 

2ND 

STAGE 

1ST 

STAGE 

FUSELAGE 

103. Ill 

(227.98) 

130.73 

(288.22) 

WING 

39.20 

( 86.41) 

78.17 

0 72.3'^) 

VERTICAL TAIL 

5.70 

( 12.57) 

7.21 

{ 15.89) 

CANj^RO 

1.39 

( 3-07) 

2.21 

( 11.87) 

TPS 

52.59 

015. 9A) 


- 

CREW COMPARTMENT 

12.70 

( 28.00) 

** 

AVIONICS 

3.86 

( 8.50) 

3.40 

( 7.50) 

PERSONNEL 

1.36 

( 3.00) 


ENVIRONMENTAL 

2.59 

( 5.70) 

** 

PRIME POWER 

5.44 

( 12.00) 

** 

HYDRAULIC SYSTEM 

3.86 

( 8.50) 

** 

ASCENT ENGINES 

26,93 

( 59.38) 

67.45 

(148.70) 

RCS SYSTEM 

9.59 

{ 21.15) 

** 

LANDING GEARS 

18.38 

( '♦0.51) 

** 

PROPULSION SYSTEMS 

* 


44.99 

( 99.18) 

ATTACH AND SEPARATION 

- 


! '♦.59 

( 10.12) 

APU 

- 


0.91 

( 2.00) 

FLYBACK ENGINES 

- 


28.55 

( 62.95) 

FLYBACK PROPULSION SYSTEM 

- 


18.39 

( '♦0.5'^) 

SUBSYSTEMS 

1 * 


25.76 

( 56.80) 

DRY WEIGHT 

1 286.99 

(632.71) 


(909.12) 

GROWTH MARGIN ^^S%) 

'♦3.05 

( 9'^.91) 


(136.37) 

TOTAL INERT VT. 

330. OA 

(727.62) 


(10'i5.'^9) 


*INCLUDED IN FUSELAGE WEIGHT 
** ITEMS INCLUDED IN SUBSYSTEMS 






Table 4.2-3. HLLV Propellant Weisfht Suimary x 10-^ 



1 FIRST STAGE 

SECOND 

STAGE 

LB 

KG 

L8 

KG 

USAiLE 

9.607 

4.358 

3.481 

1.579 

CROSSFEED 

1.612 

0.732 

(1.612) 

(0.731) 

TOTAL BURNED 

7.995 

3.626 

5.093 

2.310 

RESIDUALS 

0.040 

0.018 

0.020 

0.009 

RESERVES 

0.045 

0.020 

0.024 

0.011 

RCS 

0.010 

0.005 

0.018 

0.008 

ON-ORBIT 

- 

- 

0.095 

0.043 

BOIL-OFF 

- 

- 

0.010 

0.005 

FLY-BACK 

0.187 

0.085 

- 

- 

TOTAL LOADED 

9.889 

4.486 

3.648 

1.655 



.1- 47.46 

80.0 M 


•CROSS FEED, DUAL-DELTA 
DRY WING, i/0 -7.5 



Figure 4.2-3. HLLV Second Stage (Orblter) 
- Landing Configuration 


The cargo bay is located in the mid-fuselage in a manner similar to the 
STS orbiter and has a length of approximately 90 feet. The detailed weight 
statement and a propellant summary for the orbiter is included in Tables 4.2-2 
and 4.2-3 respectively. 
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4 . 3 HLLV PERFORMANCE 


The HLLV performance has been determined by using a modified STS scaling 
and trajectory program* The tabulated trajectory data for both nominal and 
abort conditions is contained in Appendix B* The vehicle can deliver a pay- 
load of approximately 231,000 kg to an orbital altitude of 487 km at an 
inclination of 31*6^. The engine performance parameters used in the analyses 
are given in Table 4.3-1. 


Table Engine Performance Parameters 


ENGINE 


MIXTURE RATIO 

THRUSTAIEIGHT 

SEA LEVEL 

VACUUM 

LOX/RP GG CYCLE 

325.7 

352.3 

MSBM 

120 

LOX/CH4 GG CYCLE 

33«.9 

361.3 

B9H 

120 

LOX/LHi STAGED COMB. 

337.0 

h 66.7 

6.0:1 

80 


The vehicle relative staging velocity is 2127 m/sec (6978 ft/sec) at an 
altitude of 55.15 km (181,000 ft) and a first stage burnout range of 88.7 km 
(48.5 nmi) . The first stage flyback range is 387 km (211.8 nmi) . For the 
reference HLLV configuration, all engine throttling to limit maximum dynamic 
pressure during the parallel bum mode is accomplished with the first or 
booster stage engines only (i.e., second stage engines operate at 100% rated 
thrust) . 

Summary vehicle characteristics are given in Tables 4.3-2 and 4.3-3. The 
computer CRT data are provided in Figure 4.3-1 through 4.3-35. 
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Table 4.3^2* Vehicle Characteristics (iJojninal Mission) 


it lAGt 

i 


3 


GkGSS ^TAbt MhlMiTttLbi 

Ih t>b.O 

SQ40J3V.O 

•^6161 02.0 


GkuSS STAGt IHkUST/WLlGHl 

1.3 UO 


O.VOo 


IlikUST ALlUALtCLO) 

*0 

4?!>00 jJ.O 

A73C000.0 


ibP VACUJMt 

bVu.bVi 

4 60. 700 

^ 66 • Y 00 


^IKUCTURttlLb) 

iO^:>Hbb.v 

o 

■ 

c5 

Ou6uOV.O 


PkOPtLLANI.(LB) 

'*Ht> 6600 *U 

Z2ao37.0 

BAObAZV.O 


PcKk. FKAC.t(NU) 

U*6Q 13 

Qm C»4^0 

U. 7073 


PkliPtLLANI FftAC.tINUBi 

u.VOOA 

i. 0000 

Oft 5057 


bUKlMUUf IlHbtlSkC) 


l7o«76o 

2>i3.32b 


bOKr^iiUT VliLuLITYt (f’T/StL) 

■<oVV,3A0 

53 Vn 

2bV>*.12i 


bOkwUuT G AHHA t ( DtGR ttS ) 

ib.AOB 

l2.2bb 

O.lbV 


oUkNuUI ALlllUU£t(F1) 



jiv6b7 .A 


bUKOiuUf KANbty(NH) 

A4.3 

6o. i 

b2x.3 


IOLaL VU.UC11Vt(F1/2>t.C) 

i, 

112^*1.0 

2^^142.3 


iNJkCTUii^ VtLUClIVy iFT/ShLi 

j *0 

FLYiiALK 

kANofclNHI 

4::cu ft6 

PKUPtLLANItiLbl 

&.U 

PLYoALK 

PkuPiLbbl 

luA6^V.2 

U.« UkbAl UtLlA-Wt iFl/Sti.1 

itb3.!> 




UN OKbi 11 PkuPtLLANI tlLU) 

UN Ukbil IGl'ytbi.tk 

Vt>^6ih>*6 

^oo»7 




lhfciA= PilLH 

KAl c— w»uOl9tt 

AlIkHPI^k lU CuWtftKGL- 

PAYLUaU»(Lq> 

'Jj (,h03.0 






Table 4.3-3. Sunvmry Weight Statement (Nominal Mission} 


PUUi'iUA 

pQUi^u;> 

PQuNUa 


IN-PLlGHT LOSSES 


iCABS'aOOD 

PUUtUS 

acps propellant 



»^0UNu^ 

OHS PROPElLaNT 


9B26D.36E 

POUNDS 

PAYLUAU 


C j 

POUNuS 

BALLAST FOR CD CONTROL 


G •ij 

POUNDS 

OHS installation MTS 



POUNUS 

PAYLOAD nous 


0.0 

PUunDs 

TOTAL END BOOST (OkeITER ONLY) 


72*w C 


OHS BORNE D DURIND ASCEi^T 


0.0 

POUNUS 

ACPS BURNED DOR INC ASCENT 


c.o 

POUNDS 

EXTERNAL MAIN TANK 




Tank dry weight 
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pounds 
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usable SRH PRUPlLLANT 
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PDUNDS 
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Figure 4. 3-^5. Inertial Velocity 
vs Time 


Figure 4.3^26^ Flight Path 
Angle vs Time 
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Figure 4^3^27. Altitude vs Time 


Figure 4^3^28. Total Load 
Factor vs Time 
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Figure 4.S-3S. First Stage Flyback Trajectory 
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4.4 TRADE STUDY OPTIONS 


The trade study options data are given in Appendix B. The several trade 
options evaluated included the following: 

• First and Second Stage Engine Throttling 

• First Stage Propellant Weight Sensitivity 

• Second Stage Propellant Weight Sensitivity 

• Lift-off Thrust- to-Weight Sensitivity 

• Alternate First Stage Propellants (LOX/CH4 and LOX/LH2) 

With the exception of the engine throttling trades, all trajectories 
assumed 100% throttling by the first stage engines (i*e«, second stage engines 
operate at maximum thrust throughout the parallel bum ascent phase) in order 
to. stay within maximum allowable load factor and dynamic pressure, 3 g and 630 
psf respectively. 

The engine throttling study shows little effect on vehicle payload capabil- 
ity when doing 100% of the throttling with either stage. All intermediate 
options (i.e., partial throttling of both stages) shows a degradation in pay- 
load capability. 

The first stage propellant weight sensitivity analyses show" an improve- 
ment in glow/payload weight ratio (smaller) as first stage propellant weight 
is increased, however, the staging velocity exceeds the capability of a heat 
sink booster. The second stage propellant weight sensitivity indicates an 
opposite effect to the first stage data. 

By combining the effects of throttling of second stage only and increas- 
ing first stage propellant weight could result in a 10-15% improvement over 
the reference HLLV configuration. 

The alternate propellant trades, LOX/CH4 and LOX/LH2, show 7% and 37% 
increased performance over the reference HLLV configuration. The LOX/LH2 
configuration, however, becomes extremely large (volume) and less cost 
effective because of handling and propellant costs. The L0X/CH4 booster 
appears to be a viable option* 
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5.0 LEO-TO-GEO TRANSPORTATION, EOTV 



5.0 LEO-TO-GEO TRANSPORTATION - EOTV 


It was previously shown that a chemical orbital transfer vehicle requires 
a prohibitive propellant mass to place the SFS mass In GEO because of the 
limited available specific Impulse of chemical systems. An electric argon Ion 
orbital transfer system was therefore selected as a baseline for SFS cargo 
transfer from LE0-to-6£0. This study phase was directed toward better def- 
inition and a degree of optimization of the EOTV concept. Detailed electric 
thruster analyses and parametric scaling data are Included In Appendix C. 

5.1 ELECTRIC ORBITAL TRANSFER VEHICLE CONCERT 


The electric OTV concept. Figure 5.1-1 is based upon a rigid design which 
can accommodate two "standard** solar blanket areas of 600 meters by 750 meters 
from the MSFC/Rockwell baseline satellite concept. The commonality of the 
structural configuration and construction processes with the satellite design 
is noted. Since the thrust levels will be very low (as compared to chemical 
stages) , the engines and power processing units are mounted in four arrays at 
the lower comers of the structure/solar array. Each array contains 36 thrust- 
ers, however, only sixty-four thrusters are capable of firing simultaneously. 

The additional thrusters provide redundancy when one or more arrays cannot be 
operated due to potential plume impingement on the solar array. Up to 16 thrust- 
ers, utilizing stored electrical power are used for attitude hold only during 
periods of occultation. The attitude determination system is the same as the 
SFS, mounted in 6 locations as indicated. Fay load attach platforms are located 
so that loading/unloading operations can be conducted from **outside** the light 
weight structure. 
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5.1.1 EOTV SIZING ASSUMPTIONS 


A list of primary assiomptions used in EOTV sizing are summarized in 
Table 5.1-1. The orbital parameters are consistent with SPS requirements and 
the delta "V" requirement was taken from previous SEP and EOTV trajectory cal- 
culations. A 0.75% delta "V margin is included in the figure given. 

Table 5.1-2. EOTV Sizing Assumptions 


• LEO ALTITUDE - ^8? KH e 3*. 6* INCLmATION 

• SOLAR INERTIAL ORIENTATION 

• LAUNCH ANY T I HE OF YEAR 

• 5700 H/SEC REQUIREMENT 

• SOLAR INERTIAL ATTITUDE HOLD ONLY DURING OCCULTATION PERIODS 

• 50* PLUME CLEARANCE 

• NUMBER OF THRUSTERS - MINIMIZE 

• 20% SPARE THRUSTERS - FAILURES/THRUST DIFFERENTIAL 

• PERFORMANCE LOSSES DURING THRUSTING - 5^ 

• ACS POWER REQUIREMENT - MAXIMUM OCCULTATION PERIOD 

• ACS PROPELLANT REQUIREMENTS - }QQ% DUTY CYCLE 
v25^ WEIGHT GROVmi ALLOWANCE 


During occultation periods, attitude hold only is required (i.e., thrust- 
ing for orbital change is not required). 

Since it is currently anticipated that thruster grid changes will be re- 
quired after each mission, a minimum number of thrusters are desired to minimize 
operational requirements. 

An excess of thrusters are included in each array to provide for potential 
failures and primarily to permit higher thrust from active arrays when thrust- 
ing is limited or precluded from a specific array due to potential thruster 
exhaust impingement on the solar array or to provide thrust differential as 
required for thrust vector/attitude control. A 5% specific impulse penalty was 
also applied to compensate for thrust cosine losses due to thrust vector/atti- 
tude control. 

An all-electric thruster system was selected for attitude control during 
occultation periods. The power storage system was sized to accommodate maximum 
gravity gradient torques and occultation periods. A very conservative duty 
cycle of 100% was assumed for establishing ACS propellant requirements. A 25% 
weight growth margin was applied as in the case of the SPS. 

5.1.2 EOTV SIZING APPROACH 

The key criteria in sizing the EOTV are given in Table 5.1-2. As stated 
previously the EOTV power source utilizes the same construction approach as the 
basic SPS. Structural bays and solar blanket sizes are consistent with those 
of the SPS. 
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Table EOTV Sizing Approach 


« SAHE CONSTRUCTION/CONFIGURATION AS SPS 

* PAYLOAD CAPABILITY > I»x10‘ KG UP/10% DOWN 

* SELF-ANNEALING SOLAR CELLS (G«A1As) 

* TRIP TIME LEO-TO-GEO - 120 DAYS 

GEO-TO-LEO < 30 DAYS 

« END-OF-LIFE PERFORMANCE CRITERIA - 15% DEGRADATION 

* SAME CRITERIA USED FOR St EOTV CONFIGURATION 


The payload capability of 4x10*“® kilograms is consistent with previous 
study results which indicated minimum transportation costs based on 8 to 12 
EOTV flights and LEO-to-GEQ trip times between 100 and 130 days (see Trade 
Studies) . A 10% down payload capability is provided in order to return pay- 
load packaging materials* 

The GaAlAs cells are assumed to be self-annealing of electron damage 
occurring during transit through the Van Allen belt. A lifetime degradation 
in performance of 15% is consistent with basic SPS criteria. This end-of-life 
performance was conservatively used in all performance calculations. 

The issue of silicon cell annealing was not addressed. However » the same 
assumptions used for the GaAlAs system were applied to the silicon cell config- 
uration (see Trade Studies) . 

5.1.3 EOTV SIZING LOGIC 

The logic employed in sizing the EOTV and thruster selection are summa- 
rized in Table 5.1-3. 


Table 5,1-3. EOTV Sizing Logic 

« SOLAR ARRAY CONFIGURATION - AVAILABLE POWER 
« GRID OPERATING TEMPERATURE - MAXIMUM TOTAL VOLTAGE 
- GRID VOLTAGE (PLASMA LIMITED) - SPECIFIC IMPULSE 

• ^NUMBER OF THRUSTERS - BEAM CURRENT/ DIAMETER/TH RUST 

• TRIP TIME - PROPELLANT WEIGHT/PAYLOAD WEIGHT 

*C0NSISTENT WITH ACS THRUST REQUIREMENTS 


Having adopted a basic solar array configuration, the available power is 
thus established* The solar array consisting of two SPS bays has a total power 
output of 335.5 megawatts. Line losses of 6% and an end-of-life cell degrada- 
tion of 15% were assumed which yields a net power to the thruster arrays of 
268.1 megawatts. The thruster array losses were determined to be negligible. 
The power storage system was also sized on the same basis as for the SPS, 200 
kilowatt-hours per kilogram weight. 
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The practical upper operating temperature *limit of 1900^K for molybdenum 
thruster grids fixes the maximum absolute operating voltage of the thrusters 
at 8300 volts (see Appendix C) • 

The solar array voltages must be as high as possible to reduce wiring 
weight penalties, yet, power loss by current leaking through the surrounding 
plasma must be at an acceptable level. There is no significant flight test 
data available on plasma-current leakage. [Planned experiments aboard the 
SPHINX satellite (February 1974) were lost due to a launch failure.] 

K. L. Kennerud in 1974 predicted plasma power loss based on analysis and 
plasma-chamber experiments, Figure 5.1-2. The plasma loss from a 90 percent 
Insulated array is plotted in the figure as a function of altitude with voltage 
as a parameter. At 500 km altitude and very large arrays and high efficiency 
cells, it may be possible to utilize 2000 volts. 



100 1,000 10,000 100,000 

ALTITUDE (KILOMETERS) 

Figure 5.1-2. Plasma Power Losses from a 15 kW Solar Array 
with 90% Insulating Surface 


An upper limit of +2000 volts was therefore assumed in order to preclude 
the possibility of arcing due to LEO plasma effects. A specific trade of con- 
ductor insulation requirements as a function of positive voltage is indicated. 
The screen grid voltage establishes propellant specific impulse at 8221 sec. 

The number of thrusters selected establishes the remaining thruster parameters. 
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(The number of thrusters should be selected such that the individual thrust is 
consistent with attitude control thrust requirements in order to preclude the 
need for dedicated ACS thrusters.) Thruster characteristics are summarized in 
Table 5.1-4. 

Table 5.1-4, EOTV Thruster Characteristics 


% MAXIMUM OPERATING TEMPERATURE - 1900* K 
. TOTAL VOLTAGE - 8300 VOLTS 
% GRID VOLTAGE - 2000 VOLTS MAXIMUM 
« BEAM CURRENT - 188? AMP 
« SPECIFIC IMPULSE - 8213 SEC 
- THRUSTER DIAMETER - 76 CM 
% THRUST/THRUSTER - 69-7 NEWTON 
« NUMBER OF THRUSTERS - lAA (INCLUDES SPARES) 
% MAXIMUM OF 6A THRUSTERS OPERABLE SIMULTANEOUSLY 


By establishing trip time (see Trade Studies) , the maximum quantity of 
propellant which can be consumed during transit is established; which in turn 
fixes maximum payload capability. 

5.1.4 EOTV WEIGHT/PERFORMANCE SUMMARY 

Based upon the assumptions, approach and logic described above, the EOTV 
weights and performance are essentially established. The selected EOTV weight 
and performance summary is given in Table 5.1-5, and the configuration is shown 
in Figure 5.1-3. 


Table 3.1-5. EOTV Weight /Performance Summary (kg) 


SOLAR ARRAY 


588,196 

CELLS/STRUCTURE 

299.756 


POWER CONDITIONING 

288. 440 


THRUSTER ARRAY (A) 


96.685 

THRUSTERS/STRUCTURE 

10,979 


CONDUCTORS 

'*.607 


BEAMS/GIMBALS 

2.256 


PROPELLANT TANKS 

78, 863 


ATTITUDE CONTROL SYSTEM 


186.872 

POWER SUPPLY 

184.882 


SYSTEM COMPONENTS 

276 


PROPELLANT TANKS 

1,716 


EOTV INERT WEIGHT 


871 ,753 

2S% GROWTH 


217,938 

TOTAL INERT WEIGHT 


1 ,089.691 

PROPELLANT WEIGHT 


666,660 

TRANSFER PROPELLANT 

655,219 


ACS PROPELLANT 

n,66l 


EOTV LOADED WEIGHT 


1 .756,351 

PAYLOAD WEIGHT 


5,171.318 

LEO DEPARTURE WEIGHT 


6.927,669 

PROPELLANT COST DELIVERED ($/KG P/L) 


6.72 
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Figure 5.1-3. Selected EOTV Configuration 

The solar array weights are consistent with baseline SPS weights criteria. 
The thruster array weights are dictated by the size/performance of the individ- 
ual thruster whose performance is fixed by available power and voltage/ tempera- 
ture limitations. 

The major element of attitude control system weight, (the power supply) 
is based on the same sizing criteria as the SPS battery system. 

The transfer propellant weight of 666,660 kg is the maximum that can be 
consumed by the thrusters during the assumed transit time of 120 days up 
(100 days thrusting) and the resultant return trip time of approximately 
30 days (22 days thrusting) . 

The EOTV dry weight (including growth) is approximately 1.09x10® kg and 
has a payload delivery capability to GEO of 5.17x10® kg with a 10% return pay- 
load capability to LEO. 

The estimated cost of $4.72/kg-payload reflects propellant costs only 
(delivered to LEO) . 


5-6 


5.2 ELECTRIC ORBITAL TRANSFER VEHICLE TRADE STUDIES 


Several trade studies were conducted with the objective of achieving a 
near cost-optimum EOTV configuration. In addition, parametric sizing data 
were generated for thrusters, thruster arrays, conductors, and overall EOTV 
sizing. These data are contained in Appendix C. The results of selected 
trade studies are summarized herein. 

5.2.1 SOLAR ARRAY VOLTAGE, GRID TEMPERATURE, NUMBERS OF THRUSTERS 

The effects of lowering the total solar array voltage from the baseline 
of .8300 volts to 5500 volts was evaluated and the results were found to be 
negligible. The thruster diameter increased to 120 cm and the grid tempera- 
ture was lowered to 1500®K. Although the thruster array weight increased 
approximately 2,5 times the total impact on EOTV inert weight is negligible. 

In addition the added array weight could be offset by a reduction in conductor 
insulation weight. A lower total voltage would appear to be advantageous only 
if the power conditioning weight would be effected significantly which present 
data indicates would not be the case. 

Similarly, the number of thrusters in the baseline was reduced by 50%, 
thus doubling the unit beam current and thrust. The thruster diameter in- 
creases to 108 cm with no significant change in thruster array weight. The 
higher thrust appears to be disadvantageous from the standpoint of ACS re- 
quirements (i.e., dedicated lower thrust units might be required to satisfy 
minimum ACS demands) • 

Three EOTV configurations reflecting changes of the type described and 
also trip time are summarized in Table 5.2-1. As may be seen the relative 
propellant costs between configuration llA and IIB show an increase with a 
decrease in trip time from the baseline. Configuration 12 also shows an in- 
crease in cost with increased numbers of thrusters with lower accelerating 
voltage. Although configuration llA appears to be more efficient than the 
baseline, it is noted that only 10% spare thrusters and a 15% weight growth 
was allowed in these configurations. When these corrections are made, all 
three configurations exceed the baseline selection. 

5.2.2 POWER DISTRIBUTION AND CONTROL WEIGHT 

A simplified block diagram, Figure 5.2-1, illustrates the EOTV power dis- 
tribution interface for the solar photovoltaic concept. The distribution sub- 
system consists of interties, main feeders, summing bus, tie bar, switch gears, 
and dc/dc converters. The solar arrays feed the load buses with a direct 
energy transfer. Provisions are included to switch power from any bus to any 
thruster location. The basic voltages supplied are +2000 V dc and -6300 V dc. 
Individual power supplies will be included as required at the thrusters to 
supply other voltages. 

Figure 5.2-2 shows the power distribution and control weight comparisons 
for several EOTV configurations studied. A solar array voltage output of 
2080 V dc was selected as the upper limit for power generation to stay within 
tolerable plasma power losses for low earth orbit operations. The lowest weight 
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Table 5.2-1. EOTV Configuration Trades 


CONFIGURATION 

llA 

IIB 

12 





THRUSTER DATA 

ACCELERATING VOLTAGE, V 

2000 

2000 

1268 

SPECIFIC IMPULSE , SEC 

8213 

8213 

6540 

DIAMETER. CM 

127 

127 

127 

GRID SET TEMP.. ^ 

1300 

1300 

1300 

NO. (INCLUDING 10% SPARES) 

116 

116 

180 

TRIP TIME, DAYS 

LEO-GEO 

100 

80 

100 

GEO- LEO 

22.3 

20 

20.9 

PROPELLANT, KG 

(859,739) 

(540,766) 

(1,009,000) 

LEO-GEO 

532.444 

425,952 

824,636 

GEO-LEO 

118,712 

107, 186 

171,930 

ACS 

8.583 

7,628 

12,434 

EOTV WEIGHTS. KG 

SOLAR ARRAY COND. 

588,196 

588.196 

588,196 

THRUSTER ARRAY 

112.586 

96,469 

200,386 

POWER SUPPLY 

60.413 

67 , 029 

54 , 524 

TOTAL DRY WT. (INCL. 15% 

875.374 

864,448 

969,578 

GROWTH ) 

* *PAYLOAD WT . , KG 5 

.456.250 

4,186,384 

6,758,069 

♦♦PROPELLANT COST (DELIVERED) - - -- 

($/KG PAYLOAD) 

♦Based on 10% down payload capability. 
♦♦Rockwell reference configuration — $4.72 
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aLL MAT’L 
CR 

TRANS. VOLTAGE 
PANEL CONFIG. 


GaAs — 
2 

+2080V - 
SPLIT 
2 PANELS 


SPLIT 
4 PANELS 


SPLIT 
4 PANELS 


SPLIT 
2 PANELS 


SPLIT 
4 PANELS 


-6300V 
SPLIT 
2 PANELS 


SILICON 

1 

-6300V 
SPLIT 
4 PANELS 


WEIGHTS (10^ KG) 
INTERTIES 
MAIN FEEDERS 
SUMMING BUS 
TIE BARS 
SW GEARS 
POWER CONDIT. 
INSUL. 

SEC. STRUCT. 


TOTAL 


221,940 

144,520 

177,550 

24,660 

2,290 

4,400 

57,540 


67,260 

119,230 

44,390 

24,660 

2,290 

4,400 

26,220 


177,550 

57,810 

177,550 

24,660 

2,290 

4,400 

44,200 


177,550 

57,810 

177,550 

24,660 

2,290 

4,400 

44,430 


177,500 

57,810 

55,490 

24,660 

2,290 

4,400 

3,220 


19,540 

22,850 

68,800 

8,140 

9,460 

75,490 

4,400 

20,870 


19,540 

83,740 

68,800 

8,140 

7,310 

75,490 

16,150 

27,920 


632,900 


288,440 


466,180 


488,690 


354,420 


229,550 


307,090 


note- correction fAaORS 


T^ANj . EFF . 

i ' 94 . 

96 , 

F4vI7CR' 

1.0 

. 1.319 


Figure 5.2-2. EOTV Power Distribution and 
Control Weight Comparisons 


concept results in a power distribution subsystem weight of 288,440 kg. This 
configuration is a direct energy transfer to the engines. This weight was cal- 
culated at a distribution (line loss) efficiency of 94% (i.e., 6% line loss). 
The weight calculations ranged up to 632,900 kg dependent upon specific con- 
figuration details. A negative voltage system was compared to show impact of 
higher voltage. A negative 6300 volts was selected for this purpose since 
this is the second voltage requirement of the EOTV thruster system. This con- 
cept requires power conditioning at the thrusters to provide the +2000 volt 
inputs required. The silicon system was compared for the lowest weight ap- 
proach and results in a weight penalty of -33% (307,090 kg vs 229,550 kg). 

The +2080 volt concept is the recommended approach since it does not require 
major power conditioning (i.e., direct power transfer) and the -6300 volt 
system is susceptable to arcing problems in the plasma environment. 

5.2.3 GALLIUM ARSENIDE VERSUS SILICON SOLAR CELLS 

A comparison was made of the EOTV requirements using GaAs and silicon 
solar cells. The configurations used in the comparison are shown in Figure 
5.2-3 with a tabulation of solar array parameters and values. The silicon 
solar array weights are 725,904 kg compared to 263,511 kg driven by higher 
specific weight (.426 kg/m^ vs .252 kg/m^) and requirement for large area 
(1,704,242 vs 886,950 m^). The Impact of reflector weight on the GaAs 
configuration is negligible. 
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NOTE: 

(’>NO SPACE DEGRADATION 
ALLOWANCES 


PARAMETER 

GaAs 

SILICON 

SOLAR INPUT 

1319.5 W/m2 

1319.5 W/m2 

ENERGY ONTO CELLS 

24 U. 7 (CR - 1.33) 

1319.5 (CR - 1) 

r?(T) 

424.98 (17.6%) 

221.17 (16.74%) 

DESIGN FAOOR 

278,24 (.89) 

196.85 (.89) 

POWER OUTPUT (ARRAY) vU 

335.48 MEGAWATTS 

335.48 MEGAWAHS 

AREA REQM’T 

886,950 m2 

1,704,242 m2 

ARRAY AREA 

900,000 m2 

1,800,000 m2 

ARRAY WEIGHT (KG) 

223,511 (.252 KG/M^ 

725,904 (.426 KG/m2) 

REFLEaOR AREA 

2,210,000 m2 

- 

REFLECTOR WEIGHT 

40,000 KG 

- 

SUBTOTAL 

263,511 KG 

725,904 KG 


Figure 5*2^3* EOTV Solar Array Comparisons 
(GaAs versus Si Solar Cells) 


Estimated weights and performance for two representative EOTV configura- 
tions are given in Table 5.2-2. The increased solar array weight for the 
silicon solar cell configuration results in a 14% reduction in payload capabil- 
ity and a longer return trip time. Because of these factors and the unknowns 
in annealing of the silicon cells in space , the gallium arsenide approach is 
more desirable. 

5.2.4 ATTITUDE CONTROL SYSTEM 

The selection of an ”all-electric" propulsion system was based on prior 
studies which indicated a prohibitive propellant requirement for chemical 
thrusters, even when used in the ACS mode only. 

The Rockwell EOTV concept utilizes attitude hold only during the shadowed 
period of orbit. Electric thrusters powered by storage batteries are used for 
ACS during this period. Worst case ACS requirements during Earth shadow periods 
were evaluated in order to determine battery power and thruster requirements; 
the objective being to minimize ACS requirements. 

Thruster redundancy in each thruster array was also considered to preclude 
thruster exhaust impingement on the solar array. 
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Table GaAlAs and Silicon Powered EOTV 

Weight Comparison (kg) 


ELEMENT 

GaAlAs 

SILICON 

SOLAR ARRAY 

493,056 

1.032.991 

THRUSTIR ARRAY 

104,046 

113.355 

AniTUDE CONTRa SYSTEM 

50,471 

50,576 

EOTV INERT WEIGHT 

647,573 

1.196,922 

GROWTH - 25% 

161,893 

299,231 

TOTAL EOTV INERT WT. 

809,466 

1.496,153 

DELTA V PROPELLANT 

540,420 

593,170 

ACS PROPELLANT 

6,874 

7,471 

TOTAL EOTV LOADED WT. 

1,356,760 

2.096,794 

PAYLOAD WEIGHT 

5,310.568 

4, 570,534 

LEO DEPARTURE WT. 

6,667.328 

6,667,328 

TRIP TIME (UP/OOWNI 

120/16 

120/28 


EOTV dry and loaded inertia data. Table 5.2-3, were generated for two pay- 
load stowage options. These data were generated for comparison with MSEC data 
and for ACS thruster requirement determination for the reference EOTV configura- 
tion described earlier. 

Table 5.2-3. Preliminary Moments of Inertia 

• EOTV REFERENCE CONFIGURATION 



MOMENTS OF INERTIA 
kg-m2 X 10- 


'x 

lY 

'z 

INERT EOTV WITHOUT 
PAYLOAD & PROPELLANT 

3,0 

.51 

3.5 

EOTV FULLY LOADED 




• PAri-OAD CONCENTRATED 
ON EACH SIDE AT ^/2 

6.94 

4.43 

11.37 

• PAYLOAD DISTRIBUTED 
ABOUT C.M. 

6.96 

1 

1.21 

8.14 




The approach to sizing ACS power requirements was to integrate the overall 
thruster requirements over the earth shadow period rather than taking maximum 
values which lead to ultra conservative design requirements. Figure 5.2-4. 
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Figure 5. 2^-4. Typical Gravity Gradient Torque Curves 

Based upon average gravity gradient torques, the number of thrusters re- 
quired were determined for two vehicle orientations, three beta angles, and 
two payload locations* The calculated thruster requirements are summariaed 
in Table 5.2-4. 


Table 5. 2-^4, Thruster Requirements in Shadow* 


# LONG AXIS INITIALLY POP 



AVERAGE NO. THRUSltRS 

BBA 

PAYLOAD DISTRIBUTED 

PAYLOAD CONCENTRATED 

(DEG) 

ABOUT C.M. 

ON EACH SIDE AT U2 

10 

a6 

ao 

30 

16.2 

19.9 

4$ 

1&2 

17.7 


• LONG AXIS INITIAUY IN ORBIT PLA^C 


10 

15.2 

15.6 

30 

16.0 

2a9 

4S 

19.9 

a3 


•BASED ON 487 KM ALTITUDE 
AVERAGE SHADOW PERIOD 36.7 MIN. 


Although the number of thrusters required to satisfy all ACS requirements 
are greater than previously estimated (i.e*, 16 in lieu of 4, nominal), other 
options are available to further reduce ACS requirements. These include EOTV 
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configuration changes, off-set solav pointing,, attitude maneuvers to lover 
gravity gradient torque during shadow periods, etc. 

Potential methods of reducing thruster requirements by configuration 
changes are illustrated in Figure 5 •2-5. Many other configuration options 
also exist. 




V 


A 




• PRESENT CONFIGURATION 




h 

F 


A 

A 

A 


•CAN REDUCE IMPINGEMENT 
PROBLEMS BUT REQUIRES 
8 CLUSTERS (VS 4) 



•REDUCES IMPINGEMENT CONSTRAINTS. 
INCREASES MOMENT ARMS. 

INCREASES STRUCTURE AND POVIER 
CABLING REQUIREMENTS 


•OTHERS 


Figure 5.^-5. Alternative Thruster Configurations 


Another method of providing reduced ACS thruster requirements is to roll 
the vehicle relative to the solar inertial axis. Although some loss in solar 
blanket efficiency might occur, the reduction in numbers of thrusters may off- 
set those losses. The effect on solar blanket efficiency with off-set pointing 
is shown in Figure 3.2-6. 


Although alternate configurations are recommended for future evaluation, 
the current concepts are adequate for this phase of program definition. 

Table 5.2-5 summarizes the current ACS trade study results. 

5.2.5 TRIP-TIME OPTIMIZATION ANALYSIS 


An analysis was performed to define an approach for comparing EOTV’s 
having differing LEO-to-GEO trip times on a $/kg-of-payload basis. Although 
the number of EOTV variables assessed are limited, the basic study result is 
believed to be valid. Later studies might include variations and refinements 
on any major parameter (i.e., electric engine size, thrust level and specific 
impulses). (EOTV and COTV are used synonymously in this section of the 
report.) 

The basic equations used are presented in Table 5.2-6 to give the reader 
sufficient data to check succeeding calculations if desired. Note that the AV 
of 4508 m/sec is applicable to an equatorial departure orbit at 300 nautical 
miles. For departures from inclined orbits, the Edelbaum equations are suggest- 
ed. The calculation of initial EOTV mass in LEO, Mi,, was modified slightly to 
account for ACS propellant use. 
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• VNMSTCASE ^•450 



Figure 5.2-6. Partial Solar Pointing 


Table 5.2-5. ACS Trade Study Results 


• LONG AXIS INITIALLY POP WITH PAYLOAD DISTRIBUTED ABOUT C.M. IS THE 
PREFERRED ORIENTATION 

• FOR AHITUDE HOLD IN SHADOW PERIOD, THE AVERAGE NUMBER OF THRUSTERS 
IS 8.6 FOR LOW fi AND 18.2 FOR WORST-CASE/. 

• PRESENT THRUSTER CONFIGURATION OF FOUR CLUSTERS REQUIRES 36 THRUSTERS 
PER CORNER INCLUDING 20» SPARING; COSINE LOSSES IN VERTICAL PLANE DUE 
TO 15° PLUME CONSTRAINT (APPROX. WORST CASE COSINE LOSS • 12« 

• PARTIAL SOLAR POINTING ATTRACTIVE FOR HIGH fi ORBITS 

• CONSTRAIN MISSION TO REDUCE MAXIMUM fi (AND CONTROL REQUIREMENTS) 
APPEARS FEASIBLE; REQUIRES FURTHER MISSION ANALYSIS TO DEFINE 
(MAXIMUM^ 

• INVESTIGATE ALTERNATIVE THRUSTER CLUSTERING CONFIGURATIONS 


By "freezing" the electric EOTV size and non-propulsive subsystems, trip 
time variations are introduced by varying the payload to change the thrust-to- 
weight relationships. From computer data, the following LEO-to-GEO trip times 
and thruster bum times were established. 


LEO-TO-GEO TRANSFER 


Total Trip Times 
(Days) 

30 

60 

90 

120 

130 

180 


Thruster Bum Times 
(Days) 

20.8 

47.0 

73.2 

99.4 

125.7 

151.8 
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Table 5.2-6. Basic Equations Used in Analysis 


THRUSTER PROPEILAWT FLOW RATE 

* -ifer 

Hi . 13. (g 

(9. 80651(13, OOa 

A • lazisxio"* 

ELECTRIC COTV GROSS WEIGHT IN LEO 

M, • MASS OF PROPELLANT lUO-TO-GEO) 

P 

M, • MASS REMAINING IN GEO AfTER EXPENDING PROPELLANT M, 

' P 

M{ - INITIAL COTV MASS IN LEO 

■ l) WHERE 4V - 4.508 m/sK <NO PLANE CHANGE) 

M, * a03606 Mf 

• Mp ♦ Mj • 2i73Mp 


With these data, one can compute the L£0-to-G£0 argon propellant requirements 
and multiply by 0.2 to estimate tankage and line masses needed to calculate 
G£0-to-LE0 propulsive requirements. The return trip-time results which cor- 
relate with the above LE0-to-G£0 transfers are as follows: 

G£0-T0-L£0 TRANSFER 

Total Trip Times Thruster Bum Times 


(Days) 

(Days) 

21.1 

14.0 

21.3 

14.2 

21.6 

14.4 

21.8 

14.6 

22.2 

14.9 

22.4 

15.1 


The payload mass capabilities for the various EOTV crip times are summarized 
in Table 5.2-7. 

Minor adjustments were made to the gross weights (i.e., from -10,000 to 
-20,000 kg) to account for expended ACS propellants during the transfers. The 
weight growth margins are reflected in the propellant mass calculations since 
they had been added to the non-variable EOTV masses. 

The assumptions affecting EOTV trip-time cost are summarized in Table 5.2-8. 
The numbers shown for each assumption are not "hard" in the sense of being fully 
Justifiable and the reader is encouraged to introduce his own where discrepancies 
may appear. The EOTV operations cost variable is introduced to account for the 
slightly higher degree of activity at the LEO base for the shorter trip time 
concepts, and is no t to be taken as the cost of LEO base operations. EOTV turn- 
around times were based on total trip times plus assumed delays per trip and 
loading/unloading operations times. 
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Table Sizing the EOTV - Payload Mass Capabilities 


! NON-VARIABLE COTV MASSES (KG)| 

STRUCTURES AND SUPPORTS 

2^2,000 

SOLAR BLANKETS 

226,300 

REFLECTORS 

2S.200 

THRUSTER MODULES 

32,400 

ROTARY JOINT 

6,540 

PWR OISTRIB. S CONTROL 

46.500 

IMS 

n .Aoo 

ACS HARDWARE (ALL) 

10,800 

ACS PROPELUNT - LEO 

10.800 

6'22.44o 

^30^ GROWTH MARGIN 

136.730 

ti09.170 





LEO-TO-GEO 

TRIP TIMES 



1 TRIP-TIME VARIABLE MASSES (KG)| 

30 DAYS 

60 DAYS 


120 DAYS 

150 DAYS 

180 DAYS 

LEO-TO-GEO ARGON PROPELLANT 

A2.210 

95,390 

148,960 

201 ,740 

255,110 

308,080 

GEO-TO-LEO ARGON PROPELLANT 

28,460 

28.880 

29,300 

29,720 

30,140 

30.560 

ARGON TANKAGE/LIMES 

14,130 

24,860 

35.570 

46,290 

57,050 

67.730 

ACS FLIGHT PROPELLANT 

5»400 

10,800 

16.200 

229,^ 

21 .600 

27,000 

32.400 

SUBTOTAL 

90,200 

159,930 

299,350 

”^9,300 

^•38,770 

MOM-VARIABLE COTV MASS 

809,170 

809,170 

809,170 

809.170 

1 809,170 

809,170 


ELECTRIC COTV MASS 

899,370 

969,100 

1 ,038,800 

1 , 108,520 
5.811.110 

' T, 178.470 

7,346,460 

1 ,247.940 


GW IN LEO 

1,221,740 

2,751 ,620 

, 4,281,230 

8.870.310 


PAYLOAD CAPABILITY 

322,370 

1,782,520 

1 3,242.430 

4.702.590 

6,167.990 

7,622,370 


Table 5*2^8^ Assumptions Affecting EOTV Trip-Time Cost Comparisons 


HUV PAYLOAD COSTS TO t£0 • «(VKG PAYLOAD 
HUV PAYLOAD INTEGRATION PENALTY OF 10% 


rtiV ADDITIONAL PAYLOAD INTEGRATION PENALTY OF 20% FOR PROPELLANT 

CONTAINMENT 


EOTV RESUPPLY PROPELLANT COSTS AVERAGE «/KC 
EOTV THRUSTER GRIDS REPLACED AFTER 4.000 HOURS BURN TIME 
EOTV THRUSTER GRIDS WEIGH 4 KGIGRIO AND COST $9Q0/GRID 
EOTV ’llfl" IS DEFINED AS 100% REPLACEABLE AND IS BASED ON EOTV 

1 FLIGHT TIMES USING 360-OAY YEARS 


1 EOTV OPERATIONS COST VARIABLE IS $200,000 FOR EACH FLIGHT TURNAROUND | 

EOTV INITIAL ON-ORBIT COST IS FlSOKlOO 
SATEaiTE INVESTMENT AT $5xl0’ 


DISCOUNT RATE IS 7.5% 

EOTV TURNAROUND TIMES AS LISIED: 


LEO-TO-GEO 

TURNAROUND 

TRIP TIMES 

TIMES 

30 DAYS 

57.6 DAYS 

60 DAYS 

94. 1 DAYS 

90 DAYS 

130.6 DAYS 

120 DAYS 

160. 8 DAYS 

150 DAYS 

203,9 DAYS 

180 DAYS 

240.4 DAYS 


An example calculation is shoxm in Figure 5.2-7 for the 180-day LEO-to-GEO 
trip time case with its up payload capability of 7,622,370 kg to demonstrate 
how costs are apportioned on a $/kg payload basis. The results for all LEO-to- 
GEO trip-time cases are also presented and summed. Note that no apportionment 
has yet been made for the initial/replacement cost of the vehicle. This will 
be considered in the material to follow. 
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- 515.249,170 

- 46,400 
$ir.299,570 

- $2. 007/KG PL 

- $335,080 

- 135. 190 
$520,270 

- $0. 068/KG PL 


EXAMPLE CALCULATION | 180-DAY LEO-TO-GEO TRIP TIME CASE - PAYLOAD - 7,622,370 


RESUPPLY: 

HLLV OPERATIONS COSTS 

“aUl propellants (185,080 KG) X 1.1 (PAYLOAD INTEGRATION) 

X 1,2 (CONTAINMENT) x $30/KG (LAUNCH TO LEO) 

• GRID HASS REPLACEMENTS (4 KG/GRID x*270 GRIDS x I .3 GROWTH) 

X (166.9 BURN DAYS x 24 HRS/DAY ^ 4,000 HRS)x 1.1 (P/L) x $30/KG 


MATERIALS/PROPELLANT COSTS 
Z PROPELLANT MASS (3S5,OdO) x $1 /kG 
% THRUSTER MODULE REPLACEMENT GRIDS 


SPACE OPERATIONS: 

TURNAROUND COSTS 

• AT $200,000 PER FLIGHT, DIVIDED BY PAYLOAD - $0. 026/KG PL 


ALL TRIP-TIME CASES 



LEO-TO-GEO TRIP TIMES | 

30 DAYS 

60 DAYS 

90 DAYS 

120 DAYS 

150 DAYS 

180 DAYS 

RESUPPLY - HLLV OPERATIONS 
- MATER lALS/PROP. 
SPACE OPERATIONS 

511.099 
$ 0.367 
$ 0.620 

$3,322 
$0. Ill 
$0,112 

$2,550 

$0,086 

$0,062 

$2,255 

$0,076 

$0,043 

$2,101 

$0,071 

$0,032 

$2,007 

$0,068 

$0,026 

TOTALS 

$12,086 


$2,698 j 

$2.3/'* 

$2,204 

$2. 101 


Figure 5.2-7, Apportioned Fesupply and Operations 
Cdst/kg of EOTV Payload 

The definition of vehicle ’’life" was stated in the assumptions as requir- 
ing 100% replaceability. An example is given here assuming that vehicle life 
is limited to 5 years of flight time. For the 180-day LEO-to-GEO trip- time 
case» 5 years, times 360 days/year divided by 202.4 flight days per trip yields 
an average vehicle life of 8.8933 flights. From this data, program buys can 
be computed and are shown in Figure 5.2-8. Also from the data provided, fleet 
size calculations can be made for each trip-time case. Note that a 10-year 
"life" would halve the program buy requirements but would not alter the fleet 
size demands. 

The investment streams for capital purchase of the EOTV's is developed 
from consideration of average vehicle cost, fleet size, total program buy, and 
vehicle life. For this analysis it was assumed that the average vehicle cost - 
in place - would be $15.0x10® regardless of the total numbers purchased. The 
example shown in Figure 5.2-9 is for a 5-year vehicle "life" and assumes that 
the initial fleet production investment was begun six years prior to the first 
SPS IOC date. All LEO-to-GEO trip-time cases are shown except the 30-day case 
which is now recognized as not cost-effective. If the last purchase of 10-year 
life point was plotted for the 60-day trip- time, it would appear at $9.15 B* on 
the ordinate and 18.728 years on the abcissa, but the initial fleet complement 
investment point would remain unchanged. 
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I KXAMPLK CAI.CULAT10N FOR 180-nAV l.KO-TO-flKO TRIP TlHir~^ 


• LIKE OF VEHICLE IS 8.8933 FLIGHTS 

DURING THE VEHICLE LIFE, IT WILL TRANSrORT 8.8933 x 7,622,370 KG » 67,788,020 KG, 
THE PROGRAM REQUIREMENTS ARE 120 SATELLITES AT 40 x 10^ KG EACH DIVIDED BY 
67.788.020 KG YIELDS THE REQUIRED PROGRAM BUY OF 71 VEHICLES 

• ASSUMING THAT A SINGLE SATELLITE MASS OF 40 x lO® KG MUST BE DELIVERED DURING A 
90-DAY INCREMENT, THEN THE FLEET SIZE REQUIREMENT IS 90 DAYS DIVIDED BY TURNAROUND 
TIME OF 240 DAYS TIMES THE PAYLOAD - 2,858.390. THIS IS THE EQUIVALENT PAYLOAD 
DELIVERED BY ONE VEHICLE OVER 90 DAYS. SINCE 40 x 10® KG IS REQUIRED, THEN DIVIDE 
BY THE EQUIVALENT PAYLOAD TO GIVE A FLEET SIZE OF 14 VEHICLES. 




































The time-value of money impact on cost comparisons is discussed in 
Figure 5.2-10 and expressed for all trip-time cases in terms of $/kg of EOTV 
payload. The investment dollars were subtracted from the 180-day trip time 
case and only the A differences are tabulated. 


THE TIME-VALUE OF MONEY MUST BE CONSIDERED IN THE COST COMPARISONS OF THE 
ELECTRIC COTV ALTERNATIVES. 

(1) SATELLITE CAPITAL INVESTMENT 

LEO-TO-CiEO TRANSFER TIMES SHOULD BE CONSIDERED AS PERIODS OF TIME DURING 
WHICH THE INTEREST ON A CAPITAL INVESTMENT (E.G., THE SATELLITE VALUED 
AT APPROXIMATELY $5 BILLION) IS LOST. FOR EXAMPLE. THE ‘'INTEREST LOST" 
FOR A 180-DAY PERIOD AT A 7.5% DISCOUNT RATE IS APPROXIMATELY 
$184.1 MILLION. APPORTIONED ON A SATELLITE MASS BASIS EQUATES TO 
$4. 603/KG. 

(2) COTV CAPITAL INVESTMENT 

FROM THE PREVIOUS CHART IT IS TO BE NOTED THAT THE SHORTER TRIP-TIME 
CASES NOT ONLY REQUIRE HIGHER INITIAL INVESTMENTS, BUT ALSO THE INVEST- 
MENT STREAM IS HIGHER. AGAIN. USING A 7.5% DISCOUNT RATE, FUTURE VALUE 
COMPUTATIONS WERE MADE FOR EACH INVESTMENT STREAM AND THE DIFFERENCES 
IN $/KG PAYLOAD (AGAINST THE LOWER COST CASE— E.G. , THE 180-DAY TRIP- 
TIME CASE) WERE ESTABLISHED. 



LEO-TO-GEO TRIP TIMES 1 

30 DAYS 

60 DAYS 

90 DAYS 

120 DAYS 

150 DAYS 

180 DAYS 

INTEREST LOST 
($/KG) 

0.755 

1.516 

2.280 

3.050 

3.824 

4.603 

COTV INVEST- 
MENT A's 
($/KG) 

40.128 

5.877 

2.403 

1.158 

0.492 

- 


Figure 5.2-10. Time-Value of Money Impact on 
Cost Comparisons 

Cost in terms of $/kg of EOTV payload for resupply, operations, **lost” 
interest, and investment A^s were summed and plotted for each of the L£0-to- 
GEO trip time cases. Figure 5.2-11. The results are presented for EOTV life- 
times of 5, 10 and 15 years illustrating the shift in minimum cost ranges 
toward the shorter LEO-to-GEO trip-times. These results are encouraging from 
the standpoint of long-duration transfer palatability . Within reasonable 
bound and for the performance values and cost assumptions presented, the 
physical size of the electric EOTV vehicle can be changed without appreciably 
altering these results. 
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6.0 ON-ORBIT MOBILITY SYSTEMS 



6.0 ON-ORBIT MOBILITY SYSTEMS 


On-orbit mobility systems have been synthesized in terms of application 
and concept only. On-orbit elements considered here are powered by a chemical 
(L0X/LH2) propulsion system. At least three distinct applications have been 
identified; (1) the need to transfer cargo from the HLLV to the EOTV in LEO 
and from the EOTV to the SPS construction base in GEO; (2) the need to move 
materials about the SPS construction base; and (3) the probable need to move 
men or materials between operational SPS’s. Clearly the POTV, used for trans- 
fer of personnel from LEO to GEO and return » is too large to satisfy the on- 
orbit mobility systems requirements. A "free-flyer” teleoperator concept 
would appear to be a logical ■ solution to the problem. A propulsive element 
was synthesized to satisfy the cargo transfer application from HLLV-EOTV-SPS 
base in order to quantify potential on-orbit propellant requirements. This 
transportation element has been designated intra-orbit transfer vehicle 
(lOTV) . 

Sizing of the lOTV was based on a minimum safe separation distance be- 
tween EOTV and the SPS base of 10 km. It was also assumed that a reasonable 
transfer time would be. in the order of two hours (round trip), which equates 
to a AV requirement on the order of 3 to 3 m/sec. A single advanced space 
engine (ASE) is employed with a specific impulse of 473 sec (see Section 7.2 
for complete engine description) • The pertinent lOTV parameters are summariz- 
ed in Table 6.0-1. 


Table 6.0-1. XOTV Weight Summary 


SUBSYSTEM 

WEIGHT (kg) 

ENGINE (1 ASE) 

245 

PROPELLANT TANKS 

IS 

STRUCTURE AND LINES 

15 

DOCKING RING 

too 

ATTITUDE CONTROL 

so 

OTHER 

100 

SUBTOTAL 

525 

GROWTH (10%) 

53 

TOTAL INERT 

57h 

PROPELLANT 

300 

TOTAL LOADED 

5tS 


6-1 





7.0 PERSONNEL TRANSFER SYSTEMS 



7.0 PERSONNEL TRANSFER SYSTEMS 


The personnel transfer systems consist of three basic elements: a person- 

nel launch vehicle (PLV) to transfer construction personnel within an independ- 
ent personnel module (PM) from earth to LEO; a personnel orbital transfer 
vehicle (POTV) , a single chemical propulsive stage to transfer the PM from 
LEO to GEO; and the PM, a self-contained crew/personnel module containing all 
the necessary guidance, navigation, communication, and life support systems 
for construction crew transfer from earth to LEO. 


7.1 PERSONNEL LAUNCH VEHICLE (PLV) 


The PLV is a derivative or growth version of the currently defined Space 
Shuttle Transportation System (STS). The configuration selected as a baseline 
for SPS studies is representative of various growth options evaluated in 
Rockwell- funded studies and NASA contracts, NAS8-32015 and NAS8-32395. 


The current STS configuration is depicted in Figure 7.1-1, and the growth 
version (PLV) is shown in Figure 7.1-2. As indicated in the figures, the growth 



7-1 


I 








version or PLV is achieved by replacing the existing solid rocket boosters (SRB) 
with a pair of liquid rocket boosters (LRB) . The existing orbiter and external 
tank are used in their current configuration. The added performance afforded 
by the LRB increases the orbiter payload capability to the reference STS orbit 
by approximately 54%, or a total payload capability of 45,350 kg (100,000 lb). 

The STS-derived heavy lift launch vehicle (STS-HLLV) , employed in the 
precursor phase of SPS, is derived by replacing the STS orbiter on the PLV with 
a payload module and a reusable propulsion and avionics module (PAM) to provide 
the required orbiter functions. The PAM may be recovered ballistically or, 
preferably, as a down payload for the PLV. These modifications yield an STS- 
HLLV with a payload capability of approximately 100,000 kg (Figure 7.1-3). 

7.1.1 LIQUID ROCKET BOOSTER (LRB) 

The LRB illustrated in Figure 7.1-2 has a gross weight of 395,000 kg, 
made up of 324,000 kg of propellant (278,000 kg of LO 2 and 46,000 kg of LH 2 ), 
and 71,000 kg of inert weight. The overall length of the LRB is 47.55 meters 
with a nominal diameter of 6.1 meters. Four Space Shuttle main engine (SSME) 
derivatives are employed with a gross thrust of 412.7 newtons (sea level), 
providing a liftoff thrust- to-weight ratio of 1.335. 

Unique design features of the LRB, as compared to an expendable liquid 
booster system, are presented in Table 7.1-1. The necessity to preclude ice 
damage to the orbiter requires the LH 2 tank to be located forward since the 
insulation system, which must be internal to avoid water impact damage, is not 
compatible with LO 2 . In addition, the thickness of insulation required on the 
LH 2 tank is about two times that required to maintain propellant quality. 
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Table 7,1^1. Shuttle LRB Unique Design Features 


ORB ITER ICE DAMAGE 
AVOIDANCE 

• LH2 TANK FWD, INSULATED TO PRECLUDE ICE 

ENTRY 

PROVISIONS 

• RCS TO ORIENT BOOSTER 

• CLAMSHELL COVERS FOR ENGINE PROTECTION 

• HEAT SINK STRUCTURE 

WATER LANDING 
PROVISIONS 

• PARACHUTES 6 RETRO-SUSTAINER ROCKETS 

• INTERNAL LH2 TANK INSULATION 

• RCS FOR WAVE ALIGNMENT 

• REINFORCED STRUCTURE 

• AVIONICS TO CONTROL LANDING 

WATER PROTECTION 
PROVISIONS 

• CLAMSHELL COVER FOR ENGINE PROTECTION 
, • SEALED STRUCTURE 

• FLOTATION BAGS FOR ORIENTATION 

RECOVERY 

PROVISIONS 

• RADIO BEACON AND LIGHTS 

• HANDLING HAROPOINTS 


Other unique features are the provisions required for entry, water landing, 
water protection, and recovery. In addition to these supplementary provisions, 
the structure (unlike that of an expendable system) must act as a heat sink for 
reentry heat loads, be reinforced to absorb landing loads, and be sealed to 
prevent sea water contamination. 

The basic structure consists of the propellant tank assembly and an engine 
compartment. The tank assembly is made up of the LH2 tank and the LO2 tank, 
with a common bulkhead similar to the Saturn S-II separating the propellants. 

The engine compartment comprises a skirt section, thrust structure, launch 
support structure, heat shield, and movable covers that protect the engines 
during atmospheric reentry and water recovery. The locations of the landing 
rockets, the APU, avionics packages, parachutes, the flotation bag, and RCS 
system are indicated in Figure 7 . 1 - 2 . 

The structural design of a recoverable LRB is governed by five basic load 
conditions: water impact, high-Q boost, internal tank pressures, prelaunch 

loads, and maximum thrust. 

The nose cap primary structure and tank frames are designed to withstand 
loads due to initial water impact and subsequent water penetration with result- 
ant slap-down loads being reacted by the tank ring frames. Launch maximum 
aerod3mamic pressures (high-Q) loads influence the structural design of the 
main frames, forward portions of the LH2 tank, and engine thrust structure. 

The LH2 and LO2 tank walls and domes are structurally sized for maximum 
internal tank pressures. Equivalent tank wall thickness due to internal 
pressure exceeds those required by other load conditions. The maximum body 
bending moment occurs at the aft end of the booster. The design of the aft 
skirt and frames is governed by prelaunch loads when the boosters are loaded 
and free-standing on the launch pad. The ET attachments thrust structure are 
designed by maximum thrust loads at launch. 


7-4 




I 


There are four structural attachments between the ET and each booster. 
The three aft attachments take lateral shears and bending moments, and the 
forward attachment takes lateral shears and thrust loads. This four-point 
interface is statically determinate, so that structural loads are not induced 
by deformations in the adjacent body. This interface arrangement is the same 
as that for the baseline Shuttle. 


The electrical interface between the booster and ET is accomplished by 
external cables mounted on one of the aft struts. They are separated at pull- 
away connectors when the strut is cut. The increased number of wires required 
for the LRB may increase the number of cables and connectors. 

7.1.2 LIQUID ROCKET BOOSTER ENGINE (SSME-35) 

The LRB utilizes a derivative of the Space Shuttle main engine (SSME) . 

The only difference between the LRB engines and the SSME is in nozzle expansion 
ration, 35 in lieu of 77.5 to 1. The SSME-35 and its characteristics are 
depicted in Figure 7.1-4. 



THRUST, LBF 

459.000 (S.L.) 

503.000 (VAC.) 

EXPANSION AREA RATIO 

35:1 


CHAMBER PRESSURE. PSIA 

3230 


MIXTURE RATIO 

6.0:1 


SPECIFIC IMPULSE, SECONDS 

406 (S.L.) 

445 (VAC.) 

ENGINE WEIGHT, LBF 

6340 


SERVICE LIFE, HOURS 

.7.5 


STARTS 

55 


ENVELOPE: LENGTH, INCHES 

DIAMETER, INCHES 

146 


POWERHEAD 

105 


NOZZLE EXIT 

63 



Figure 7,1-4. Liquid Rocket Booster Main Engine (SSME-35) 


7.1.3 LIQUID ROCKET BOOSTER RECOVERY CONCEPT 

After the boosters separate from the orbiter-ET, the engine covers close 
and the reaction control system (RCS) fires to pitch the boosters over and 
align them for reentry (Figure 7.1-5). The drogue and then the main chutes 
deploy to slow descent. Retro motors are fired to minimize landing velocity. 
Upon splashdown, the chutes release and flotation bags inflate at the aft end 
to hold the engine area out of the water. 
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The booster will be coimnanded by the recovery vessel to start depressuriz- 
ing (one propellant at a time) upon landing. The recovery vessel will pick up 
chutes during booster depressurization. After the booster is depressurized, 
the aft end of the ship is aligned to the booster, the aft gate is lowered, 
and the compartment is flooded (<30 minutes). A craft is then launched to 
attach tow lines to the booster, which is then pulled into the ship. The 
booster is positioned over contour supports or lifted in a crane cradle, 
rear gate is closed, and the compartment is pumped dry. The booster undergoes 
washdown and inspection as the ship returns to port. Utilizing this system, 
a booster can be retrieved and returned to port in 20 to 24 hours maximum (a 
function of distance and sea state) . Booster recovery will be accomplished in 
waves up to eight feet. The booster recovery system is shown in Figure 7.1-6. 



Figure 7.1-5. Integral Booster Recovery Concept 
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SYSTEM ERRORS 



VELOCITY . a FPS 


ERROR SOURCE 

VALUE 

CHUTE VARIATIONS 

+4.7 FPS 

AIR DENSITY 

+3.47 FPS 
-2.37 FPS 

THRUST 


WEIGHT 

+2615 LB 

ALTIMETER 

+2 FT 

SIGNAL TIME 

+4 FT 



VELOCITY ERROR (FT/SEC) 



Figure 7,1-6. Booster Recovery System 


7.2 PERSONNEL ORBITAL TRANSEER VEHICLE (POTV) 


As stated previously, the POTV is the propulsive element used to transfer 
the personnel module (PM) from LEO to GEO and return. In previous scenarios, 
the POTV reference concept used two common stage LO 2 /LH 2 propulsive elements. 

The first stage provided an initial delta-V and returned to LEO. The second 
stage provided the remaining delta-V required for PM ascent to GEO and the 
requisite delta-V for return of the PM to LEO. 

The alternate concept described herein uses a single stage to transport 
the PM and its crew and passengers to GEO (Figure 7.2-1). After initial delivery 
of the POTV to LEO by the STS or SPS-HLLV, the propulsive stage is subsequently 
refueled in LEO (at the LEO station) with sufficient propellants to execute the 
transfer of the PM to GEO. At GEO, the stage is refueled for a return trip of 
crew and passengers to i!EO. The HLLV delivers crew consumables and POTV pro- 
pellants to LEO and the EOTV delivers the same items required in GEO. The 
PM with crew/personnel is delivered to LEO by the PLV. 

Although significant propellant savings occur with this approach, as 
compared to the reference concept, the percentage of total mass is small when 
compared with satellite construction mass. However, the major impact is 
realized in the smaller propulsive stage size and the overall reduction in 
orbital operations requirements. 
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Figure 7.2-1. POTV Operations Scenario 


1 . 2.1 PERSONNEL ORBITAL TRANSFER VEHICLE CONFIGURATION 


The recommended POTV configuration is shown in Figure 7.2-2 in the mated 
configuration with the PM. Either element is capable of delivery from earth 
to LEO in the PLV; however, subsequent propellant requirements for the POTV 
will be delivered to LEO by the HLLV because of the lesser $/kg payload cost. 



Figure 7.2-2. Recommended POTV Configuration 
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Individual propellant tanks are indicated for the LO 2 and LH 2 in this 
configuration because of uncentainties at this time in specific attitude control 
requirements. With further study, it may be advantageous to provide a common 
bulkhead tank as in the case of the Saturn-II, and locate the ACS at the mating 
station of the POTV and PM, or in the aft engine compartments — space permitting. 

The POTV utilizes two advanced space engines (ASE) , which are similar in 
operation to the Space Shuttle main engine (SSME) • The engine is of high per- 
formance with a staged combustion cycle capable of idle-mode operation. The 
engine employs autogenous pressurization and low inlet NPSH operation. A two- 
position nozzle is used to minimize packaging length requirements. The ASE and 
pertinent parameters are shown in Figure 7.2-3. A current engine weight state- 
ment is given in Table 7.2-1. 



THRUST (LB) 20,000 

CHAMBER PRESSURE (PS I A) 2000 

EXPANSION RATIO 400 

MIXTURE RATIO 6.0 

SPECIFIC IMPULSE (SEC) 473.0 

DIAMETER (IN.) 48.5 

LENGTH (IN.) 

NOZZLE RETRACTED 50.5 

NOZZLE EXTENDED 94.0 


Figure 7,2-3. Advanced Space Engine 
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Table 7. 2-^1. Current ASE Engine Weight 


Fuel boost and main pumps 

74.5 

Oxidizer boost and main pumps 

89.8 

Preburner 

12.4 

Ducting 

25.0 

Combustion chamber assembly 

62.8 

Regen. cooled nozzle (C- 175:1) 

58.4 

Extendable nozzle and actuators (S = 400:1) 

122.0 

Ignition system 

6.1 

Controls, valves, and actuators 

74.0 

Heat exchanger 

14.0 

Total (lb)* 

539.0 

*Based on major component current measured weights. 


Since the POTV concept utilizes an on-orbit maintenance/refueling approach, 
an on-board system capable of identifying/correcting potential subsystem problems 
in order to minimize/eliminate on-orbit checkout operations is postulated. 

The recommended POTV configuration has a loaded weight of 36,000 kg and 
an inert weight of 3750 kg. A weight summary is presented in Table 7.2-2. 

Although the current POTV configuration provides a suitable concept for 
identifying and developing other SPS programmatic issues, further trade studies 
are indicated such as tank configuration and ACS location(s). Also, future 
studies might be directed toward the evolution of a configuration that would 
be compatible with potential near-term STS OTV development requirements. 

Table 7.2-2. POTV Weight Summary 


Subsystem 

Weight (kg) 

Tank (5) 

1,620 

Structures and lines 

702 

Docking ring 

100 

Engine (2) 

490 

Attitude control 

235 

Other 

262 

Subtotal 

3,409 

Growth (10%) 

341 

Total inert 

3,750 

Propellant 

32,750 

Total loaded 

36,000 
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7 •2,2 PERSONNEL MODULE (PM) 

- In Volume III, a construction sequence has been developed which requires a 
crew rotation every 90 days for crew complements in multiples of 60, The PM was 
synthesized on this basis. A limitation on PM size was established to assure 
compatibility with the PLV cargo bay dimensions and payload weight capacity 
(i.e., 4.5 m X 17 m and 45,000 kg). 

The PM shown in Figure 7.2-2 is based on parametric scaling data developed 
in previous studies. It is assumed that a command station is required to moni- 
tor and control POTV/PM functions during the flight. This function is provided 
in the forward section of the PM as shown. Spacing and layout of the PM is 
comparable to current commercial airline practice. Seating is provided on the 
basis of one meter, front to rear, and a width of 0.72 meter. PM mass was 
established on the basis of 110 kg/man (including personal effects) and approx- 
imately 190 kg/man for module mass. The PM design has provisions for 60 passen- 
gers and two flight crew members. 

Several POTV/PM options were evaluated (Figure 7.2-4 and Table 7.2-3). 

All options utilize a single-stage propulsive element which is fueled in LEO 
and refueled in GEO for the return trip. The various options considered trans- 
fer of both crew and consumables as well as crew only. Transfer of consumables 
by EOTV was determined to be more cost effective. Another potential option, 
which is yet to be evaluated, is a 30-man crew module and integral single-stage 
capable of storage within the PLV cargo bay. 


• OPTION #1 CREW MODULE - 60 MAN 


OTV STAGE 








1 


2 ASE 
ENGINES 




• OPTION #2 (CREW MODULE SAME AS OPTION #1) 

RESUPPLY MODULE - 60 MAN 


-13M- 


OTV STAGE 


L 

4.5 Mt 

I' 




I 



• OPTION 13 CREW/RESUPPLY MODULE • 30 MAN 


OTV STAGE 




Figure 7.2-4. POTV/PM Configuration Options 
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Table 7,2-3, POTV/PM Options —Element Mass 




60-man crew module 

18,000 

60-man resupply module 

26,000 

Integrated 30-man crew/resupply 
module 

22,000 

Option 1 OTV 

36,000 

Option 2 OTV 

87,000 

Option 3 OTV 

44,000 
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8.0 COST AND PROGRAMMATICS 


8.0 COST AND PRO GRAMMATICS 


A summary of transportation costs and schedules are presented. More 
detailed data and costing assumptions are included in Volume II, Part 2. 

Table 8.0-1 presents a summary of the SPS program development cost. The 
transportation system elements (WBS 1.3) account for approximately 42 percent 
of the total program development cost. In Table 8.0-2 it may be seen that the 
PLV and STS-derived HLLV (WBS 1.3.3) contribute almost 26 percent to the trans- 
portation development costs. 

Table 8.0-3 presents a summary of SPS program average cost, where the 
transportation cost is approximately 15 percent of that average cost. The PLV 
and STS-derived HLLV accounts for approximately 22.5% of that cost (Table 8.0-4), 

The amortized HLLV cost/kg to LEO can be obtained by multiplying Column 1 
(Investment per Satellite) by the number of satellites (60) , and adding the 
product of Column 4 (Total Operation) and the number of satellites (60) and 
the number of satellite years (30); then divide that quantity by the product 
of total number of HLLV flights from Table 3.0-3 (22,811) and the HLLV payload 
(0.231x10® kg). 


(Cix 60 ) + (C4X6OX3O) 
NxPL 


= HLLV $/kg 


The results of that calculation yields a payload cost to LEO of $62/kg ($28/lb). 

SPS transportation schedules are presented in Figures 8.0-1 and 8.0-2. 

The schedules show the need for major technology development programs commitment 
in CY 1981, and a commitment for full-scale development of transportation elements 
by 1990 in order to meet an IOC date at the end of CY 2000, 
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Table 8.0-1. Satellite Power System (SPS) Program Development Cost 


Wbs 

4 

UfcSCRIPTlON 

' “development ' “ 

ODTLE TFU 

total 

1 


SArtLLUt POWtR SVSltM (SPSI 

PROGRAM 3St01»762 

51103.242 

84505.000 


1 

SATtLLITfc SYSTEM 

7933.570 

7950.922 

15884.492 

I. 

-? 

SPACE CUNSTRUCTIUN L SUPPORT 

7331.180 

8602.523 

15933.703 

1. 

3 

TRANSPORT A i ION 

12468.816 

22866.199 

35335.016 


4 

UkOUND RECtiViNC STATION 

115.699 

3618.727 

3734.427 

1 . 

5 

MANAGEMENT AND INTEGRATION 

1392.463 

2151.918 

3544.382 

1. 

6 " 

MASS CONIINGENCY 

4160.031 

5912.945 

10072.977 
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Table 8.0'-2. Satellite Power System (SPS) Transportation Systems Development Cost 


DtVELOPHENT 


HBS K DESCRIPTION 

DOTCE 

TFU 

TOTAL 

1.3 

TRANS POkTATlDN 

10748.616 

19671.199 

30420.016 

1.3.1 

SPS-HEAVY LIFT LAUNCH VEHICLE(HLLV) 

8600.000 

9530.492 

18130.492 

1.3. l.I 

SPS-HLLV FLEET 

8600. COO 

8950.176 

17550.176 

1.3. 1.2 

SPS-HLLV OPERATIONS 

0.0 

380.320 

580.320 

1.3.2 

CARGO ORBITAL TRANSFER VEHICLEt COTV ) 

31.818 

3625.720 

3657.538 

1.3.2. 1 

COTV VEHICLES 

31.818 

3621.310 

3653.128 

1.3. 2. 1.1 

PRIMARY STRUCTURE 

3.930 

9.267 

13.197 

1.3. 2.1.2 

SECONDARY STRUCTURE 

4.382 

2478.750 

2483.332 

1.3. 2. 1.3 

tONCcNTRAlUR 

1.685 

15.818 

17.503 

1.3.2. 1.^ 

SOLAR BLANKET 

7 • 664 

338.117 

343.781 

1.3. 2.1. 5 

Switchgear and converters 

2.034 

8.760 

1C. 814 

1.3.2. 1.6 

CONDUCTORS AND INSULATION 

2.203 

B.584 

10.789 

1.3. 2.1. 7 

ACS HARDWARE 

9.697 

762.015 

771.712 

1.3. 2.1. 8 

INFO. MGMT. AND CONTROL 

0.0 

0.0 

0.0 

1.3. 2. 2 ■■ 

COTV OPERATIONS ' 

0.0 

4.410 

4.410 

1.3.3 

PERSONNEL LAUNCH VEHICLE! PLV) 

1349.000 

6251.230 

7800.230 

1.3. 3.1 

STS-PLV fleet 

1349.000 

3908.082 

5457.082 

1.3. 3.1.1 

STS-PLV ORBITER " 

0.0 

■ 1682.531 

1682.531 

1.3.3. Ik 2 

STS-PLV EXTERNAL TANK 

0.0 

606.205 

606.205 

1.3. 3. 1.3 

STS-P LV“LrQ.“RdCK ET~B OOST ER 

1304.000 

873.985 

2177.985 

1.3. 3.1. 4 

STS CARGO CARRIER AND EM 

245.000 

745.362 

990.362 

1.3. 3.2 

PLV t STS-HLLV OPERATIONS 

0.0 

2343.150 

2343.150 

1.3. 3.2.1 

PLV OPERATIONS 

0.0 

1214.400 

1214.400 

1.3. 3.2.2 

STS HLLV CARGO OPERATIONS 

0.0 

1128.750 

1128.730 

1.3.4 

PERSONNEL ORBITAL TRANS VEHICLE 

350.000 

56.282 

406.282 

"1.3. 4.1 

POTV-FLEET 

330.000 

34.764 

404.764 

1 . 3 . 4. 2 

POTV-OPERATIONS 

0.0 

1.516 

1.513 

1.3.3 

PERSONNEL MODULE! PM) 

118.000 

201.910 

319.910 

1.3. 3. 1 

PM FLEET 

118.000 

198.610 

316.610 

1.3. 3.2 

PM OPERATIONS 

0.0 

3.300 

3.300 

1.3.6 

INTRAORBITAL TRANSFER VEH ICLE!I OTV) 

100.000 

3.567 

105.367 

1.3. 6.1 

lOTV fleet 

100.000 

3.476 

103.476 

1.3. 6.2 

iotv operations 

0.0 

0.091 

0.091 
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Table 8.0^3. Satellite Power System 


WbS H DESCRIPTION INV PER SAT 

1 ‘ “sAi EL I n E p ow ER s YS T E M ('s pIsT^RoTTIariTb^ 

1.1 SATELLITE SYSTEM ^5325, A22 

1.2 SPACE CONSTRUCTION C SUPPORT IIA8.332 

1.3 ~TRANS kIrT AriON 1949.004 

1.4 GROUND receiving. STAT ION 3590.822 

1.5 MANAGEMENT AND INTEGRATION 600.679 

1 . 6 ~MAST~CUNT'I NGENCY 1263.413 


Program Average Cost 


‘♦♦OPS 

COST PE r‘ 

SAT PER YEAR 

♦♦ TOTAL 

RCl 

OEM 

TOTAL OPS 


451.531 

193.713 

645.244 

14522.910 

205.265_ 

..0»7.05. 

205.970 

6531.391 

51.428 

11.274 

62.701 

1211.033 

119.343 

80.869 

200.212 

~2149.2i6 

0,275_ 

78.377 

78.652 

3669.474 

18.815 

8.561 

27.377 

628.055 


70.332 1333.745 


56.405 


13.927 
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Table 8.0^4. Satellite Power System (SPS) Transportation System Average Cost 


I 


1.3.1 
1.3. Ui 
1.3. 1.2 

1.3.2 
1.3.2. 1 
1. 3.2.1 
1.3. 2.1 
1.3.2. 1 
1.3. 2.1 
1.3. 2.1 
1.3.2. 1 
1.3.4:. 1 

1.3.2. 1 

1.3. 2. 2 
1.3.3 
1. 3.3.1 

1.3. 3.1 

1.3.3. 1 


1. 3.3.1 
1.3. 3.1 

1.3. 3. 2 

1.3. 3.2 
1.3. 3.2 

1 . 3 . ^ 

1.3. 4.1 

1.3. 4.2 
1.3.3 

1.3. 3.1 

1.3.3.2 

1 . 3.0 
1 • 3. Cf. 1 

1.3. 6.2 


Ut SCRIPT ION 


TKANSPOKTAUUN 

SPS-MLAVV LIFT LAUNCH VkH IClHHLLVl 

SPS-HLLV FUtT 

SkS-HLLV OPtKATlONS 

CAKCO ORBITAL TRANSFE R VEHlCLkl COTV I 

CUV VfchlCLti 

1 FKIHARY STHLCTURk 

2 StCGNDARV STRUCTURfc 

3 CCjNCENTKATOK 
A SOLAR blanket 

!> ShlTCHGbAK AND C0NVLR1LRS 

6 tONOUCTOKS AND INSULATION 

7 ACS HARDMAKk 

a INFO. MGNT. AND CONTRa 
COTV OPtKATlUNS 
PLRSUNNLL LAUNCH VfcHl CLEC PLV I 

sts-plv fleet 

1 STS-PLV OKBlTkR 

2 SIS^PLV EXTERNAL TANK 


.3 STS-PLV LIU. ROCKET BOOSTER 
.4 STS CARGO CARRIER kl€> EH 
PLV C SIS-HLLV OPERATIONS 

•1 PLV UPEKATIJNS 

.2 STS HLLV LARGO OPERATIONS 

PERSONNEL ORBITAL TRANS VEHICLE 

POTV-FLEET 

POTV-OPERATIONS 
personnel HOuULMPMI 

PM FLEET 
PM OPERATIONS 

INTKALRblTAL TRANSFER VEHICLE (lOTV I 
lOTV FLEET • 

lOIV OPERATIONS 


** OPS COST PER SAT PER YEAR •* TOTAL 
INV PER SaT RCl OEM TOTAL OPS 


lBVt>.Vt>4 

U&.7V4 

79.0V* 

19*. HUB 

2090 .641 

12S6.4C6 

9V.642 

39.372 

139.01* 

139t*.<«20 

ILI . 0^0 

99.642 

24.2 56 

123.698 

690.9*7 

4BV .3b7 

0.0 

15.116 

15.116 

504. 5 D2 

210.343 

1.957 

6.371 

b.32B 

2U.671 

20B .Obi 

1.957 

6.233 

B.190 

2i3.b7i. 

0 .S 66 

0.0C5 

0.017 

0.023 

0.5B9 

l42 .V34 

1.364 

4.331 

5.696 

l-«e .6 30 

C.V14 

0.C09 

0 .02 b 

0.C36 

0.951 

20.077 

0.192 

U. 60 B 

O.bOO 

20.676 

0.465 

O.COl 

O.Ol* 

0.016 

0 .*U 1 


C.002 

0.016 

0.017 

0*542 

40.1VV 

* 0.384 

1.2 IB 

1.602 

41.801 

0.0 

0.0 

0.0 

0.0 

0.0 

4.662 

0.0 

0.139 

0.139 

4.801 

423.752 

12.995 

32.927 

45.922 

469.6 74 

ibtt.4 33 

. 12.995 

14.047. 

27.042 

216.474 

ICC. 340 

5.797 

B.250 

14.047 

114 .367 

41.679 

O.C 

3.330 

3.330 

45.010 

33.VVI 

V.XVB 

2.466 

9.664 

’43.655 

12.423 

0.0 

0.0 

0.0 

12.H23 

235.319 

0.0 

16.860 

IB.bbO 

254.200 

216.507 

0.0 

lO.BBO 

18. bB 0 

23b .367 

IB. 613 

0.0 

0.0 

0.0 

16.813 

_ 2.468 

0.736 

0.254 

0.990 

3 .4 7b 

1 . 602 ' 

0.736 

0.1b5 “ 

'■ o.vzT 

2.723 

0.666 

c.o 

0.069 

0.069 

0.733 

1 .294 

0. 199 

0.126 

0.324 

1.616 

0.746 

0.199 

O.C75 

0.273 

I.OIV 

0.546 

U.O 

0.051 

0.051 

0.5v9 

1.4 71 

0.265 

0.045 

0.310 

1.760 

1.369 

C.265' 

0 . 0*2 ■ 

0.307 

1.6V7 

O.Cbl 

C.O 

0 . 0 C 2 

0.002 

0 . 06 * 
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MW TEST FACIL. 

COHPL. D 

LpRIHATE/BlOTA LONG-TERM 
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- MW BEAM- IONOSPHERIC INTERACTIONS ANAL. 

-SUBSYST. CRITICAL COMPONENTS iuTFrB*TPn ciiiimrav 

REQUIREMENTS DEFINITION rl«TS^OMPL 

TRANSP. VEHICLES SYSTEM . 

REQUIREMENTS DEFINITION 


PROGRAM 
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DECISION 


INTEGRATED POWER — 
MODULE TESTS COHPL. 
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PERF. DEMO 


HLLV DEV. 
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SUBSYST. TECH. DEMO 
*ENVIR: EFFECTS 
ANAL. COHPL. 


SPS COMMER- 
CIALIZATION 
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ORBITAL PLATFORM 
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SPACE PLATFORM INTEG. B 
DEPLOYMENT 


TRANSPORTATION 
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(CARGO & 
PERSONNEL) 
100,000 KG 
PAYLOAD 


HLLV-(VL-ML) 
227,000 KG 
PAYLOAD 


ANAL. \\ 

SYSTEM -J 

REQMTS 

OEF. 
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START PRELIMr 
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SYSTEM REQMTS - 
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TECHNOLOGY ADVANCEMENT 
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Figure, 8 .0-1, SPS Transportation 
System DDT&E Program Schedule — 
Technology Advancement Phase 
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Plan Developed 
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Figure 8.0-1. SPS Transportation Systems — 
DDTsE, Technology Advancement Phase 
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APPENDIX A 


HORIZONTAL TAKEOFF - SINGLE STAGE TO ORBIT 
TECHNICAL SUMMARY 


A.O INTRODUCTION 


Evolving Satellite Power System (SPS) program concepts envision the 
assembly and operation of sixty solar-powered satellites in synchronous 
equatorial orbit over a period of thirty years • With each satellite weigh- 
ing approximately 35 million kiolgrams, economic feasibility of the SPS is 
strongly dependent upon low-cost transportation of SPS elements.. The rate 
of delivery of SPS elements alone to LEO for this projected program is 70 
million kilograms per year. This translates into 770 flights per year or 
2,1 flights per day using a fleet of vehicles, each delivering a cargo of 
91,000 kilograms. 

The magnitude and sustained nature of this advanced space transportation 
program concept require long-term routine operations somewhat analogous to 
commercial airline/airfreight operations. Vertical-takeoff, heavy lift launch 
vehicles (e.g., 400,000 kg payload) can reduce the launch rate to 175 or more 
flights per year. However, requirements such as water recovery of stages with 
subsequent refurbishment, stacking, launch pad usage, and short turnaround 
schedules introduce severe problems for routine operations. Studies performed 
previously showed that substantial operational advantages are offered by an 
advanced horizontal takeoff, single-stage-to-orbit (HTO-SSTO) aerospace vehicle 
concept. Further analysis of this concept was needed to provide a promising 
alternative to vertical launch heavy lift launch vehicle approaches for LEO 
logistics support of the SPS. 

The technical problems requiring investigation were of two types: (a) the 

need for further development of the vehicle system concept including a multi- 
cell wet wing containing cryogenic propellants in a blended wing-body configura- 
tion; and (b) technology issues, particularly the technical feasibility and 
performance potential of an advanced hybrid airbreathing engine system, and 
technical assessment of a flight mode involving horizontal takeoff, long range 
cruise, subsequent insertion into an equatorial orbit and return via aeromaneu- 
ver to the higher-latitude take-off site. 

The general objective of this study was to improve system definition and 
to advance subsystem technologies for a horizontal takeoff, single-stage-to- 
orbit vehicle which can provide economical, routine earth-to-LEO transportation 
in support of the Satellite Power Systems program. Specific objectives were: 

1.. To improve the design definition and technical and operational 
features of the HTO-SSTO vehicle concept primarily using exist- 
ing aerodynamic, aerothermal, structural, thermal protection, 
airbreather and rocket propulsion, flight mechanics and operations 
technology integrated into a total systems design. 
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2. To identify disciplines and subsystems in which the application 
of advanced technology would produce the greatest increase in 
system performance, and to advance technologies in specific 
areas • 


The primary elements of the HTO-SSTO study and the related technology 
issues are summarized in Figure A-1. Technical briefings and study progress 
briefings were given to NASA Headquarters, MSFC, JSC and LaRC, and to USAF/ 
SAMSO. A code showing the general level of technical assurance of the study 
data as being suitable for feasibility confirmation is placed adjacent to 
technology items. A filled square, ■ , indicates a high degree of confidence 
in analytical methods and results. A half-filled square, Q , indicates data 
requiring further technical analyses. The hollow square, □ , relates to 
technology issues not analyzed or which will require detailed in-depth analysis 
to produce data suitable for feasibility confirmation. 
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Figure A-1. Study Suimnary — Advanced Transportation 
System for SPS 


The combined systems design/performance and technology development studies 
produced a number of significant results* 
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1. Demonstrated, with end-to-end simulation, the ability of the 
vehicle to take off from KSC, cruise to the equatorial plane. 

Insert Into a 300 nml equatorial orbit with 151,000-pound pay- 
load, and then to re-enter and return to the launch site; also 
to deliver a 196,000-pound payload with a due-£ast launch. 

2. Devised a modified airbreathing engine cycle for operation In 
turbofan, air-turbo-exchanger and ramjet modes to provide an 
effective match with takeoff, cruise and acceleration require- 
ments • 

3. Showed that the HTO-SSTO lower . surface temperatures during re- 
entry are several hundred degrees lower than the STS orbiter 
lower surface temperatures because of a lower wing loading. 

As a result, an advanced titanium alumlnlde system shows pro- 
mise of being lighter than the RSI tile for this application. 

This study -was funded primarily by Rockwell IR&D funds and a summary only is 
contained herein. 

A.l OPERATIONAL FEATURES 

The HTO-SSTO concept adapts existing and advanced commercial and/or mili- 
tary air transport system concepts, operations methods, maintenance procedures, 
and cargo handling equipment to include a space-related environment. The 
principal operational objective is to provide economic, reliable transporta- 
tion of large quantities of material between earth and LEO at high flight fre- 
quencies with routine logistics operations and minimal environmental impact. 

An associated operational objective was to reduce the number of operations 
required to transport material and equipment from their place of manufacture 
on earth to low earth orbit. 

Operations features derived in the study are as follows: 

• Single orbit up/down to/from the same launch site (at any launch 
azimuth subject to payload/ launch azimuth match) 

• Capable of obtaining 300 nmi equatorial orbit when launched from 
KSC 

• Takeoff and land on 8,000 to 14,000-foot runways (launch velocity 
5: 225 knots; landing velocity < 115 knots) 

• Simultaneous multiple launch capability 

• Total system recovery including the takeoff gear which is jetti- 
soned and recovered at the launch site 

• Aerodynamic flight capability from payload manufacturing site to 
launch site, addition of launch gear and fueling, and launch into 
earth orbit 
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• Amenable to alternative launch/ landing sites 

• Incorporates Air Force (C-5A Galaxy) and commercial (747 cargo) 
payload handling, including railroad, truck, and cargo-ship con- 
tainerization concepts, modified to meet space environment 
requirements 

• Swing-nose loading/ unloading, permitting normal aircraft loading- 
door facility concept application 

• Propulsion system service using existing support equipment on 
runway aprons or near service hangars 

• In-flight refueling options (option not included in reference 
vehicle data) 

A>2 DESIGN FEATURES 

The HTO-SSTO utilizes a trl -delta flying wing concept, consisting of a 
multi-cell pressure vessel of tapered, intersecting cones. The tri-delta plan- 
form (blended fuselage-wing) and a Whitcomb airfoil section offer an efficient 
aerodynamic shape from a performance standpoint and high propellant volumetric 
efficiency. The outer panels of the wing and vent system lines in the wing’s 
leading edge provide the gaseous ullage space for LH^ fuel. LH 2 and LO 2 tanks 
are located in each wing near the vehicle,, c.g., and extend from the root rib 
to the wing tip LH 2 ullage tank (Figure A-2) . Approximately 20% of the volume 
of the vertical stabilizer is utilized as part of the gaseous ullage volume of 
the integral wing-mounted LO 2 tanks. In the aft end of the vehicle, three up- 
rated high-Pj, rocket engines (thrust • 3.2x10® lb) are attached with a double- 
cone thrust structure to a two-cell LH 2 tank. 

Most of the cargo bay side walls are provided by the root-rib bulkhead of 
the LH 2 wing tank. The cargo bay floor is designed similar to the C5-A military 
transport aircraft. This permits the use of MATS and Air log cargo loading and 
retention systems. The top of the cargo bay is a mold-line extension of the 
wing upper contours, wherein the frame inner caps are arched to resist pressure 
at minimum weight. The forward end of the cargo bay has a circular seal/dock- 
ing provision to the forebody. Cargo is deployed in orbit by swinging the fore- 
body to 90 or more degrees about a vertical axis at the side of the seal, and 
transferring cargo from the bay into space or to in-space receivers on telescop- 
ing rails. 

The forebody is an RM-10 ogive of revolution with an aft dome closure. 

The ogive is divided horizontally into two levels. The upper level provides 
seating for crew and passengers, as well as the flight deck. The lower compart- 
ment contains electronic, life support, power (fuel cell), and other subsystems 
including spare life support and emergency recovery equipment. 

Ten high-bypass, supersonic-turbofan/airturbo-exchanger/ ramjet engines 
with a combined static thrust of 1.4x10® lb are mounted under the wing. The 
inlets are variable area retractable ramps that also close and fair the bottom 
into a smooth surface during rocket powered flight and for high angle-of-attach 
ballistic re-entry. 
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Figure A-2, HTO-SSTO Design Features 

Figure A-3 shows an inboard profile of the vehicle, illustrating the 
details of body construction,, crew compartment, cargo bay length, LH 2 tank 
configuration, and location of the rocket engines at rear of fuselage. The 
hinging and rotation of the nose section for loading and unloading the pay- 
loads are illustrated, with indication of view angle from the rear of the 
nose section during these operations. The multiple landing gear concept shows 
the position of the nose gear bogie, the jettisonable takeoff gear, and the 
main landing gear for powered landing. 

Figure A-4 presents front and rear views of the vehicle showing the blended 
wing, engine inlet ducts, landing gear arrangement, and vertical stabilizer. 
Also shown are typical sections through the vehicle at: 

• The hinge line section (B-B) aft of the crew compartment and 
forward of the nose gear. Cross-sectional dimensions of the 
cargo bay are indicated. 

• The 40% chord line fuselage section (C-C) illustrating the 
wing and fuselage construction and the profile of the wing/ 
fuselage fairing. 

• The main landing gear station (D-D) illustrating the gear 
retraction geometry, the relationship of the gear to the 
engine air inlet ducts and the wing construction and profile 
to the fuselage shape. 
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Figure A-5 presents details of the basic multi-cell structure of the wing. 
The upper portion illustrates the application of "Shuttle-type” RSI tile thermal 
protection system (TPS). The lower portion shows a potential utilization of a 
"metallic" TPS. 

The wing is an integrated structural system consisting of an inner multi- 
cell pressure vessel, a foam-filled structural core, an inner facing sheet, a 
perforated structural honeycomb core, and an outer facing sheet. The inner 
multi-cell pressure vessel arched shell and webs are configured to resist 
pressure. The pressure vessel and the two facing sheets, which are structural- 
ly interconnected with phenolic- impregnated, glass fiber, honeycomb core, re- 
sist wing spanwise and chordwise bending moments. Cell webs react winglift 
shear forces. Torsion is reacted by the pressure vessel and the two facing 
sheets as a multi-box wing structure. 




The outer honeycomb core is perforated and partitioned to provide a con- 
trolled passage, purge and gas leak detection system function in addition to 
the function of structural interconnect of the inner and outer facing sheets. 
The construction of the wing structure utilizes the "Inflation Assembly 
Technique" developed by Rockwell for the Saturn II booster common bulkhead. 

A. 3 MULTI-CYCLE AIRBREATHER ENGINE SYSTEM 

Takeoff and climb to 100,000 ft altitude and 5,800 fps is by airbreather 
propulsion. Parallel burn of airbreather and rocket propulsion occurs between 
5,800 to 7,200 fps. Rocket power is then employed from 7,200 fps to orbit. 
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during more violent toaneuvers. However, the pressure recovery must still pro- 
vide a margin which prevents inlet instability and possible engine flameout 
from expulsion of the normal shock during transients* 


Estimated engine thrust (total of 10 engines) versus velocity is given 
in Figure A-8* Initially, a constant thrust of 1*4 million pounds of thrust 
was assumed for the Rockwell modified Rutowski energy method trajectory analysis 
(dashed curve of Figure A-8) . A tentative airbreather engine performance map 
was estimated from engine data sources previously described. Subsequent anal- 
yses produced the engine thrust versus Mach number estimate shown by the upper 
solid curve of Figure A-8. 




Figure A-7 , Air Induction 
System Performance 


Figure A-8. Airbreather Thrust 
Versus Mach Number 


Major engine companies were contacted to obtain assistance in advanced 
cycle analysis and to obtain the results of any studies which investigated 
this operating regime. Data from a Pratt and Whitney report (Reference 1) 
on an advanced hydrogen burning engine, the SWAT 201 turbofan ramjet, were 
evaluated and scaled up to the size required. However, this engine, which 
uses a bypass valve to close off the engine core above Mach 3.1 and operates 
the afterburner as a ramjet at higher speeds, did not provide a good match of 
thrust requirements over the required operating range. Also because of the 
high compression-ratio design, the engine thrust-to-weight ratio (T/W) was 
in the range of 4.5 to 5.5 for an installed system. Single-stage-to-orbit 
launch vehicle analysis showed that a T/W of at least 8 would be necessary 
to meet the vehicle payload requirements. From Aerojet, (Reference 2) data 
were obtained on an air turborocket concept which provides a potential for 
meeting the required T/W values while providing a better match of thrust 
required at takeoff, transonic and supersonic conditions. A modification of 
this cycle was devised by Rockwell to best match the SSTO requirements. This 
engine operates as an augmented turbofan for takeoff, a turbofan for high- 
efficiency cruise, an augmented turbofan for acceleration, and as a ramjet 
above Mach 3 . 
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The engine components include a rotary vane assembly to close off the 
compress or- turbine assembly at higher Mach numbers. The use of LH 2 fuel per- 
mits the use of a Rankine-cycle air turbo exchanger concept to provide power 
for the bypass fan. This allows elimination of approximately one-half of the 
normal turbofan compressor stages normally needed for fan drive. Heating of 
the LH 2 in outer walls and nozzle plug of tubular construction, in addition 
to providing fan drive power, permits stoichiometric combustion in the aug- 
men tor/ramjet by cooling of exposed surfaces. The 5500-degree combustion 
temperature provides high cycle efficiency. During ramjet mode operation, 
the fan is allowed to windmill and is cooled by flow of LH 2 through the fan 
guide vanes. 

The scope of this study did not permit a detailed evaluation of engine 
components to provide further, more accurate calculation of the performance 
capability of this engine concept. Engine manufacturers are best equipped to 
further refine the design and provide real data on concept feasibility and 
system weight. 

For preliminary estimation of airbreathing propulsion system size require- 
ment, a computer program was developed for the Hewlett Packard computer. A 
flow diagram of this program is shown in Figure A-9 . 


INITIAL INPUTS 
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Figure A-9. Computer Program Flow Diagram for Alrbreather 
Propulsion System Sizing 

A computer program which has the capability of computing performance of 
mixed-cycle engines including JP and LH 2 fuel, as well as the air turbo- 
exchanger cycle was obtained from the Los Angeles Division of Rockwell (Refer- 
ence 3) . This program was developed under NASA contract in 1966 and is 
currently used by LAD for calculation of JP-fueled turbojet and turbofan 
engine data for advanced aircraft. 
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In order to maximize the payload boosted to orbit, an optimization tech- 
nique is required to define the proper engine sequencing over the flight 
traj ectory. 

A. 4 AERODYNAMIC CHARACTERISTICS 

The selected wing shape is a supercritical Whitcomb airfoil with a rela- 
tively blunt leading edge, flat upper surfaces and cambered trailing edges. 

The trailing-edge camber and the tri-delta shape minimize translation of the 
center of pressure throughout the flight Mach number regime. The blunt lead- 
ing edge offers good subsonic characteristics, but produces relatively high 
supersonic wave drag; therefore, further shape and refinements are required. 

The wing has a spanwise thickness distribution of 10 percent at the root, 

6 percent near midspan, and 5 percent at the tip, providing a large interior 
volume for storage of fuel. 

Aerodynamic coefficients (Cl» Cd, C.P.) were calculated using the Flexible 
Unified Distributed Panel program FA-475, which was developed by the LAD. Aero- 
dynamic group. Because the governing equation is linear, singular behavior of 
the linear equation and nonlinearity near M ■ 1.0 preclude the transonic solu- 
tions. Also, the hypersonic solution cannot be calculated with this theory- 
due to the introduction of nonlinear terms. However, aerodynamic coefficients 
computed at Moo " 5.0 can be frozen and can be used for hypersonic application. 
Viscous drag due to the skin friction is not computed by this program. This 
effect was added in a separate analysis. The resulting aerodynamic coefficients 
are plotted versus flight Mach number in Figure A-10. 
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Maximum lift/drag and corresponding lift coefficients and angle of attack 
versus Mach number are given in Figure A-11. 

• Subsonic: (L/D) 16.0 at a 1.6, C. 0.22 

max — *- * 

• Supersonic: 4.5® < a < 6.2® 

• Hypersonic: For airbreather-OFF, rocket only (L/D) 3.4 

'' ^ max — 



^ 4 a vs M« AT 0/0)^;^ 


AB-OFF 



Figure A^ll. Maximum Lift/Drag 

The wing bending moments are based on the following data: 

• Differential pressure distributions computed by the Unified 
Distributed Panel Program 


• X - 10® 

• 2 g loading on wing 

• GLOW - 4x10® lb 


Lift force (Lp) and bending moment (BM) at the wing root for the above con- 
ditions are shown in the following tabulation. 


M. 

Ly X 10"® lb 

BM X 10~® £t-lb 

0.5 

4.0 

318 

0.8 

4.0 

322 

1.2 

3.94 

334 

2.0 

3.87 

278 

3.0 

3.8 

251 

5.0 

3.0 

185 
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A. 5 FLIGHT MECHANICS 


The majority of Che ascent performance analysis for the SSTO vehicle con- 
cept was accomplished using a recently developed lifting ascent program based 
on a modified Rutowski Energy Method (Ikawa Method) . This technique accurate- 
ly estimated payload and propellant performance; however, it did not provide 
a bona fide integrated time history of trajectory state from liftoff to orbit 
insertion. A second computer program, the Two-Dimensional Trajectory Program 
(TDTP) , was then used to compute the ascent trajectory timeline. 

In order to do an end-to-end simulation of the SSTO (i.e., airbreather 
horizontal takeoff, climb, cruise, turn, airbreather ascent,, rocket ascent, 
coast, and final orbit insertion) with flight optimization including aero- 
dynamic effects, Rockwell acquired the Langley POST computer program (program 
to optimize simulated trajectories, developed by Martin-Marietta). POST was 
installed on the GDC system at Rockwell and several launch cases were executed. 

The SSTO uses aircraft-type flight from airport takeoff to approximately 
Mach 6, with a parallel bum transition of airbreather and rocket engines from 
Mach 6 to 7.2, and rocket-only burn from Mach 7.2 to orbit. Figure A-12 
illustrates a nominal trajectory from KSC to 300-nmi earth equatorial orbit. 
Prime elements of the trajectory are: 

• Runway takeoff under high-pass turbofan/airturbo exchanger (ATE)/ 
ramjet power, with the ramjets acting as supercharged afterburners 

• Jettison and parachute recovery of launch gear 

• Climb to optimiim cruise altitude with turbofan power 

• Cruise at optimum altitude, Mach number, and direction vector to 
earth’s equatorial plane, using turbofan power 

• Execute a large-radius turn into the equatorial plane with turbofan 
power 

• Climb subsonically at optimum climb angle and velocity to an optimum 
altitude, using high bypass turbofan/ATE/ramjet (supercharged after- 
burner) power 

• Perform an optimum pitch-over into a nearly constant-energy (shallow 
Y-angle) dive if necessary, and accelerate through the transonic 
region to approximately Mach 1.2, using turbofan/ ramjet (supercharged 
afterburner) power 

• Execute a long-radius optimum pitch-up to an optimum supersonic 
climb flight path, using turbofan/ATE/ramjet power 

• Climb to approximately 29 km (95 kft) altitude, and 1900 m/s (6200 fps) 
velocity, at optimum flight path angle and velocity, using proportional 
fuel-flow throttling from turbofan/ATE/ramjet, or full ramjet, as re- 
quired to maximize total energy acquired per unit mass of fuel consumed 
as function of velocity and altitude 
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Figure A-12. SSTO Trajectory 

• Ignite rocket engines to full required thrust level at 6200 fps and 
parallel bum to 7200 fps 

• Shut down airbreather engines while closing airbreather inlet ramps 

• Continue rocket power at full thrust 


• Insert into an equatorial elliptical orbit 91x556 km (50x300 nmi) 
along an optimum lift/drag/thrust flight profile 


• Shut down rocket engines and execute a Hohmann transfer to 556 km 
(300 nmi) 


• Circularize Hohmann transfer 


The re-entry trajectory is characterized by low gamma (flight path angle) 
high alpha (angle of attack) similar to Shuttle. The main re-entry trajectory 
elements, are: 


• Perform delta velocity (AV) maneuver and insert into an equatorial 
elliptical orbit 91x556 km (50x300 nmi) 

• Perform a low-gamma, high-alpha deceleration to approximately Mach 6.0 

• Reduce alpha to maximum lift/drag (L/D) for high-velocity glide and 
cross-range maneuvers to subsonic velocity (approximately Mach 0.85) 
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• Open inlets and start airbreather engines as required 

« Perform powered flight to landing field, land on runway, and taxi 
to dock 


Flyback fuel requirements include approximately 300 nmi subsonic cruise and 
two landing approach maneuvers (first approach waveoff with flyaround for 
second approach) • 

Typical Igp characteristics of AB/rocket engine system are: 

% Subsonic range - Linear reduction of Isp from 9700 to 4000 sec at 
1200 fps 

« Supersonic range * Reduction of Igp from 4000 sec at 1200 fps to 
3500 sec at *5600 fps (AB) 

• Rocket - Igp - 455 sec 

The airbreather cruise mode, which results in an economical orbit plane 
change from the launch site to the equatorial orbit, was analyzed. The esti- 
mated fuel requirements to cruise 1000 statute miles down-range for alternate 
propulsion modes are given below. 


V Altitude At 

(ft/sec) (k-ft). (sec) 


AWp 

(lb) 


Engine 


800 

6000 


20 

6600 

72,000 

Turbofan Jet 

85 

880 

386,000 

RamJ e t 


Although subsonic cruise takes a longer time (110 minutes) , the amount of fuel 
consumed is substantially less when the orbital plane change is accomplished 
with subsonic cruise at maximum L/D. 


A transition maneuver from high-lift configuration to (L/D)^ax configura- 
tion is performed shortly after liftoff (beginning at 3000 ft altitude) . The 
maximum angle of attack of 13 degrees is reduced gradually to 1 degree for 
subsonic (L/D)jjj^ climb configuration. 

Velocity and angle of attack vs flight time indicate the time required to 
reach 300 nmi orbit (not including subsonic cruise leg) varies from 1800 to 
2300 sec, depending upon (W/S)oi (T/W) , and engine operational mode. 

Variation in load factor, altitude, and dynamic pressure with respect to 
velocity and time during supersonic ascent show a maximum load acceleration 
less than 2.3 g. Maximum dynamic pressure is 940 psf, which is within load 
limits. From takeoff to burnout > the ascent profile is quite shallow - with 
flight path angle ranging between -0.7 and 4.3 degrees. 

Ascent and descent trajectories of the SSTO and the Space Shuttle missions 
are compared in Figure A-13. Because the performance of airbreathing engines 
and aerodynamic lifting of winged vehicle depend on the high dynamic pressure. 
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Figure A-13. Ascent and Descent Trajectory Comparisons 


the SSTO flies at much lower altitude during the powered climb than the verti- 
cal ascent trajectory of the Space Shuttle for a given flight velocity. Light 
wing loading of the SSTO contributes to the rapid deceleration during deorbit. 

The total enthalpy flux histories which indicate the severity of expected 
aerodynamic heating are shown in Figure A-13. As expected, the aerodynamic 
heating of ascent trajectory may design the SSTO TPS requirement. The maximum 
total enthalpy flux of 6000 Btu/ft^-sec is estimated near the end of airbreather 
power climb trajectory. Except in the vicinity of vehicle nose, wing leading 
edge, or structural protuberances, where interference heating may exist, most 
of the ascent heating is from the frictional flow heating on the relatively 
smooth flat surface. 

The descent heating is mainly produced by the compressive flow on the vehi- 
cle windward surface during the high-angle-of-attack re-entry, and is expected 
to be considerably lower than the Space Shuttle re-entry heating. 

Weight in orbit is summarized in Table A-1. The data entries identified 
by an asterisk are revised reference vehicle data resulting from Rockwell and 
NASA/MSFC data exchange in May 1978. Calculations reflect additional fuel 
reserves, performance losses and a 10-percent growth factor. Inert weight in 
orbit was increased from 694,510 lb to 775,800 lb and airbreather engine thrust 
of 1.4x10® lb constant was revised to reflect increase in airbreather thrust 
potential shown in Figure A-8. 
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Table A-i. SSTO Weight in Orbit Suimary 


ORBIT 

GLOW 

Wo x 10'« LB 

ROCKET ISF» 455. SEC 
(SHUTTLE VALUES) 

rocket Isf <4MSEC 
(L>RC VALUES) 

ENERGY METHOD 

1 POST ANALYSIS 

ENERGY METHOD 

W| (LB) 

PAYLOAD (LB) 

Wf (LB) 

PAYLOAO (LB) 

Wf (LB) 

PAYLOAO (LB) 

EQUATORIAL 

Ol 

7B7.4X. 

92.190. 





ORBIT 

4.31 (F.B) 

U1.7M. 

107,190. 

790,000. 

95,490. 

B32J00. 

138.290. 

CRUISE 

4.62 (F.8) 

I4S.BM. 

151.290. 





PROM KSC 

5.00 (P.B) 

I95.3X. 

200.790. 





INCLINED 

4J1 

8G45M. 

16S.990. 



B97.000. 

202,490. 

ORBIT 

4J1 (P.B) 

U2 600 

IBB, 090. 

B49.000. 

154,490 

917,3m. 

222.790. 

KSC 

4.62 (P.B) 

925. IX. 

230.590. 





DUE EAST 

*5.00 (P8I 



•973,400 

•196.580 




• DATA FOR 300 N Ml. ORBITAL INSERTION 


• REFERENCE WING AREA (SrefI - 40.900. SO. FT. 

• WEIGHT IN ORBIT (EXCLUDING PAYLOAD) - 694.510. LB *- 775.800 LB 

• LAUNCH FROM KSC • PB = PARALLEL BURN 


• AIRBREATHER 

• THRUST - 1.4 X 10® LB. 

• IsP - VARIABLE 

• VELOCITY = 0 < V r 6200 FT/SEC 


• ROCKET 

• THRUST - 3 2 x 10® LB 

• Isp- SEE CHART 

• VELOCITY - 6200 < V 5 VoRBiT FT/SEC 


A. 6 AERODYNAMIC AND STRUCTURAL HEATING 

Preliminary aerodynamic heating evaluation of the SSTO configuration was 
performed for several wing spanwise stations and the fuselage centerline- 

For the wing lower surfaces, heating rates were computed including the 
chordwise variation of local flow properties- Effects of leading edge shock 
and angle of attack were included in the local flow property evaluation- 
leading edge stagnation heating rates were based on the flow conditions normal 
to the leading edge neglecting cross-flow effects. All computations were per- 
formed using ideal gas thermodynamic properties. 

Wing upper-surface heating rates were computed using free-stream flow 
properties, i.e., neglecting chordwise variations of flow properties. Heating 
rates were computed for several prescribed wall temperatures as well as the 
reradiation equilibrium wall temperature condition. Transition from laminar 
to turbulent flow was taken into account in the computations. Wing/body and 
inlet interference heating effects were not included in this preliminary 
analysis. The analysis was limited to the ascent trajectory, since the descent 
trajectory is thermodjmamically less severe. 

These parametrically generated aerodynamic heating rate data were used 
for thermal analysis of the various candidate insulation systems. Radiation 
equilibrium temperatures for emissivity, e ■ 0.85, are based on: 


A-17 


I I ll■llllllll 1 111111111111111 II 


I mill 



Illllllllllll■■llllllllllllllllllllll 


• Leading edge stagnation heating rates peak at M « 16 
alt • 196,000 ft 

• Upper wing surface uniform static pressure assumed, temperatures 
peak at M • 6.4, alt * 86,500 ft 

• Lower wing surface heating rates and temperatures peak at M ■ 7.9, 
alt » 116,000 ft 

• Local flow property variation, angle of attack, and leading-edge 
shock effects are Included 

• Inlet interference effects were not included 

Isotherms of the peak surface temperatures for upper and lower surfaces 
(excluding engine inlet interference effects) for the SSTO and Orbiter are 
shown in Figure A-14. Leading edge and upper wing surface temperatures have 
similar profiles. The SSTO lower-surface temperatures are from 400® F to 600®F 
lower than the orbiter due to lower re-entry wing loading (23 versus 67 psf). 


SSTO ORBITER-TRAJECTORY 



Figure A-14, Isotherms of Peak Surface Temperatures During Ascent 


Structural heating analyses include: (a) typical variations of heat leak 

rate (BTU/ft^-hr) and total heat flux (BTU/ft^) as a function of HRSI tile 
thickness for typical LH 2 upper and lower wing tank surface locations; (b) vari- 
ation of bondline temperatures versus tile maximum temperature to thickness ratio 
for RSI tile insulation, including bondline temperatures for the dry, wingtip 
ullage tank, the wetted lower surface of the LH 2 tank, and the dry upper surface 
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of the LH 2 tank; and (c) typical thermal response as a function of launch 
trajectory exposure time of the insulation system. 

Figure A-15 shows HRSI tile thickness profiles for bondline temperatures 
of 350®F. Preliminary data indicate that the titanium aluminide system des- 
cribed in the TPS section of this report may be lighter than the RSI tile for 
the SSTO TPS system due to the low average temperature (1000®F to 1600 ®F) 
profiles occurring over 80 and 85 percent of the vehicle exterior surface. 



Figure A^15. HRSI Tile Thickness Contours 
for 350^F Bondline Temperature 

A. 7 THERMAL PROTECTION SYSTEM 

Ceramic coated RSI tile, used on Shuttle, and metallic truss core sandwich 
structure, developed for the B-1 bomber, were investigated as potential thermal 
protection systems for the SSTO, Figure A-5. 

The radiative surface panel consists of a truss core sandwich structure 
fabricated by superplastic/dif fusion bonding process. For temperatures up to 
1500/1600®F, the concept utilizes an alloy based on the titanium-aluminum 
systems which show promise for high- temperature applications currently being 
developed by the Air Force. For temperatures higher than 1500/1600 ®F, it is 
anticipated that an alloy will be available from the dispersion-strengthened 
superalloys currently being developed for use in gas turbine engines. Flexible 
supports are designed to accommodate longitudinal thermal expansion while 
retaining sufficient stiffness to transmit surface pressure loads to the primary 
structure. Also prominent in metallic TPS designs are expansion joints which 
must absorb longitudinal thermal growth of the radiative • surface , and simulta- 
neuously prevent the ingress of hot boundary layer gases to the panel interior. 


A-19 



The insulation consists of flexible thermal blankets, often encapsulated in 
foil material to prevent moisture absorption* The insulation protects the 
primary load-carrying structure from the high external temperature. 

During the past two years, Rockwell and Pratt and Whitney Aircraft have 
participated in an Air Force Materials Laboratory sponsored program, F33615-75- 
C-1167, directed toward the exploitation of TiaAl base alloy systems. The 
titanium aluminide intermetallic compounds based on the compositions TiaAl 

and TiAl (y) which form the binary Ti-Al alloys have been shown to have 
attractive elevated-temperature strength and high modulus/density ratios. 

Titanium hardware of complex configurations have been developed, utilizing 
a process which combines superplastic forming and diffusion bonding (SPF/DB) . 
This Rockwell proprietary process has profound implications for titanium fab- 
rication technology, per se. In addition, the unprecedented low-cost hardware 
it -generates promises to revolutionize the design of airframe structure. The 
versatile nature of the process may be shown by the nature of the complex deep- 
drawn structure and sandwich structure with various core configurations which 
have been fabricated. This manufacturing method and the design freedom it 
affords offer a solution to the high cost of aircraft structure. Manufacturing 
feasibility and cost and weight savings potential of these processes have been 
established through both IR&D efforts at Rockwell and Air Force contracts. 
These structures may be used for engine cowling, landing gear doors, etc., in 
addition to providing major TPS components. 

Unit masses of the SSTO TPS concept, state-of-the-art TPS hardware and 
advanced thermal-structural designs are compared with the unit mass of the 
orbiter RSI in Figure A-16. The unit mass of the RSI includes the tiles, the 
strain isolator pad, and bonding material. The hashed region shown for the RSI 
mass is indicative of insulation thickness variations necessary to maintain 
mold line over the bottom surface of the orbiter. The RSI is required to pre- 
vent the primary structure temperature from exceeding 350®F. The unit masses 
of the metallic TPS are plotted at their corresponding maximum use temperatures. 
The advanced designs are seen to be competitive with the directly bonded RSI. 

A. 8 STRUCTURAL ANALYSIS 

The multi-cell wing tanks provide a structure which is capable of sustain- 
ing pressure while, at the same time, reacting aerodynamic loads. The tanks 
are sized based on ullage pressures of 32-34 psia (LH 2 ) and 22-22 psia (LOX) . 
Maximum wing bending occurs at about Mach 1.2. The LH 2 and LOX wing tanks are 
the major load path for reacting these loads. The wing also supports the air- 
breather engine system. 

The primary wing attachment is to the cargo bay structure. The cargo bay 
aft section,, in turn, is connected to the LH 2 tank. The LH 2 interconnects the 
cargo bay, aft portions of the wing, the vertical surface, and the rocket engine 
thrust structure. 

An ultimate factor of safety of 1*50 was used in the analysis. The prime 
driver in the structural sizing of the multi-cell wing tanks is the bending 
moment resulting from air loads' at Mach 1.2. The net bending moment on the 
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Figure A-16, Unit Mass of TPS Designs 

wing is the difference between the lift moment and the relieving moment due to 
LOX remaining in the wing. Trades were performed to determine the structural 
wing weights required to sustain these bending moments plus internal pressure. 
An intermediate location was chosen for LOX propellant where lift moment ~2 
times relieving moment. Locating LOX outboard results in a lower net flight 
bending moment, but the critical design condition then becomes prelaunch under 
full propellant loading. To sustain this prelaunch bending moment, the wing 
weight would be in excess of 200,000 lb. 

The wing LH^ tank was designed to sustain the loads from both internal 
pressure and wing bending. A1 2219-T87 was chosen for the tank material on 
the basis of high strength at cryogenic temperatures, fracture toughness, and 
weldability. Loads resulting from wing bending moments are dominant in deter- 
mining membrane thickness, which is based on a maximum tank ullage pressure of 
34 psia, and an ultimate factor of safety of 1.50. Figure A-17 shows material 
thickness versus wing station due to pressure and wing bending. The coltimn 
showing bending only relates to wing-bending contribution, not an unpressurized 
wing design. 

The fuselage LH 2 tank is the primary load path for reacting total vehicle 
mass inertias during the maximum acceleration condition (3.0 g) . Approximately 
27 percent of the propellant remains at that time. The tank has a twin-cone 
"Siamese" configuration which is required in order to fit in the fuselage at 
maximum propellant volume. The forward end of the tank is cylindrical, while 
the aft end is closed out with a double modified ellipsoidal shell. The bulk- 
heads react the internal pressures while the sidewall carries pressure and 
axial compression loads. The bulkheads are monocoque construction while the 
sidewall is an integral skin-stringer with ring frames construction. Tank 
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Figure A-17 . Material Thickness Versus Wing Station 

configuration and bulkhead membrane and sidewall "smeared*' thickness require- 
ments to sustain the internal pressure and axial compression loads have been 
determined. The structural design of all cryo tanks is based on cryogenic 
temperature material properties and allowables. 

A. 9 MASS PROPERTIES 

SSTO mass properties are dominated by the tri-delta wing structure, the 
thermal protection system and the airbreather and rocket propulsion system. 
The initial reference vehicle data, shown in Table A-2, were generated by 
Rockwell during the period of December 1977 - January 1978. These data were 
reviewed by NASA MSFC/LaRC during February and March 1978, resulting in tv® 
extremes of mass estimates. A reassessment by Rockwell during May produced 
the final reference vehicle data. The data presented in this report are con- 
sidered to be reasonably achievable targets. The technology items coded on 
Figure A-1 require study in greater depth and degree of sophistication to 
confirm SSTO mass property data. 
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Table A-2 


SSTO Weight Simmarg 


ITEM DESCRIPTION 

ROCKWELL 

MSFC 

ROCKWELL 

INITIAL 

REFERENCE 

VEHICLE 

NORMAL 

TECHNOLOGY 

ACCELER 

TECHNOLOGY 

FINAL 

REFERENCE 

VEHICLE 

AIRFRAME. AEROSURFACE5. TANKS AND TPS 

367.000 

458.000 

249.000 

370,000 

LANDING GEAR 

27,700 

53,000 

39,000 

27,700 

ROCKET PROPULSION 

63,700 

40,000 

40,000 

71.700 

AIRBREATHER PROPULSION 

148.000 

200,000 

148,000 

140,000 

RCS PROPULSION 

4.000 

16,000 

11,000 

10.000 

OMS PROPULSION 

1.200 

9,000 

7.000 

5.000 

OTHER SYSTEMS 

35.500 

41,000 

22.000 

37,800 

SUBTOTAL 

647.100 

817.000 

516.000 

662,200 

10% GROWTH 


81,700 

51,600 

66,220 

TOTAL INERT WEIGHT (DRY WEIGHT) 

847,100 

896,700 

567,600 

728.420 

USEFUL LOAD (FLUIDS. RESERVES. ETC.) 

47,400 

— 

— 

47,400 

INERT WEIGHT & USEFUL LOAD 

694,500 



775,820 

PAYLOAD WEIGHT 

107.200 



196,580 

ORBITAL INSERTION WEIGHT 
PROPELLANT ASCENT 

001,700 

3.438.000 

— 

— 

972.400 

4,027.600 

GLOW (POST JETTISON LAUNCH GEAR) 

4.230,780 

— 

— 

5.000.000 


MIMM . »4* 
IIKLIIKO OHMT 


m nan EQUATOfllAL ONWT 
MTE: this vehicle HAS SUM CU FT 
EXCEtt FROfELLANT TANK VOLUME 
KE WEIGHT IN OMIT lUMMARY 
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APPENDIX B 


HLLV REFERENCE VEHICLE TRAJECTORY 
AND TRADE STUDY DATA 

B.O INTRODUCTION 


The reference heavy lift launch vehicle trajectory data and a summary of 
the various trade studies performed are contained in this appendix. The 
several trade options include: 

• First and Second Stage Engine Throttling 

• First Stage Propellant Weight Sensitivity 

• Second Stage Propellant Weight Sensitivity 

• Lift-off Thrust-to-Weight Sensitivity 

• Alternate First Stage Propellants (LOX/CHi| and LOX/LH 2 ) 

With the exception of the engine throttling trades, all trajectories 
assumed 100 % throttling by the first stage engines (i.e., second stage engines 
operate at maximum thrust throughout the parallel burn ascent phase) in order 
to stay within maximum allowable load factor and dynamic pres sure, 3 g and 650 
psf respectively. 

The engine throttling study shows little effect on vehicle payload capabil- 
ity when doing 100% of the throttling with either stage. All intermediate 
options (i.e., partial throttling of both stages) shows a degradation in pay- 
load capability. 

The first stage propellant weight sensitivity analyses show an improve- 
ment in glow/payload weight ratio (smaller) as first stage propellant weight 
is increased, however, the staging velocity exceeds the capability of a heat 
sink booster. The second stage propellant weight sensitivity indicates an 
opposite effect to the first stage data. 

By combining the effects of throttling of second stage only and increas- 
ing first stage propellant weight could result in a 10-15% improvement over 
the reference HLLV configuration. 

The alternate propellant trades, LOX/CH 4 and LOX/LH 2 , show 7% and 37% 
increased performance over the reference HLLV configuration. The LOX/LH 2 
configuration, however, becomes extremely large (voliame) and less cost 
effective because of handling and propellant costs. The L 0 X/CH 4 booster 
appears to be a viable option. 
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B.l HLLV REFERENCE VEHICLE TRAJECTORY 


This section contains the tabulated reference vehicle characteristics 
and trajectory data* The nominal and abort modes [once around and second 
stage return to launch site (RTLS)] data are included. Because an adaptation 
of the space shuttle transportation system scaling program was used, certain 
vehicle parameters are listed under headings of "External Tank" and "Solid 
Rocket Booster." 

The first two pages of the tabulated data list the pertinent ground rules 
and assumptions employed in making the computer run. In the list of "Vehicle 
Characteristics" (third page), the structure weight given refers to the booster 
total inert weight plus residuals and reserves but exclusive of flyback propel- 
lant. The propellant value given is the total usable ascent propellant loaded 
in the first stage (i.e., includes that propellant crossfeed to the second 
stage during first stage burn). 

In the summary weight statement (fourth page) , the "Orbiter" and "External 
Tank’’ listings refer to second stage weights. The "External Tank" values apply 
to main propulsion residuals and reserves. The total usable propellant (Exter- 
nal Tank) is the total propellant burned in the second stage (i.e., propellant 
loaded plus crossfeed from first stage). The usable SKK propellant listing is 
the total propellant burned through the first stage engines. To determine the 
amount of crossfeed propellant, the usable SRM propellant may be subtracted 
from the total propellant loaded in the second stage which is given under 
Vehicle Characteristics, third page of data. 

CRT plots of significant HLLV parameters are included following the 
tabulated data. 

The reference vehicle has a gross liftoff weight of 7,135,492 kg 
(13,731,068 lb) and a payload capacity of 231,195 kg (509,653 lb). 
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GENERAL ASCENT TKAJECTORY AND SIZING PRQPiRAM RY K .L. P OWELL 
DATE - 01/15/79 TINE - 18:18:27 


SA TELLIT E POWER lEM < DEFINITION STUDY 

two-stage VERTICAL TAKE-UFF HORIZONTAL LANDING HLLV CONCEPT 
“FOTFl blAGbS HAVE FLYBACK CAPABILITY TO LAUMCH srtE' (KSCT 
FIRST STAGE HAS AIRLREATHER FLYBACK AN0_ LAN^1NG_CA_PABIL1TY 
FLYBACK PROPELLANT HAS A SPECIFIC FUEL CONSUMPTION OF 3500 SEC 
SECOND stage uses THE ABORT-ONCE-AROUND FLYBACK MODE (AOA| 

has LQX /RP/LH 2 TRIP K OPEL LAN T S YSTEM 

WITH H2 COOLED HIGH PC ENGINES (VACUUM ISP = 382,3 SEC) 

STCm^O STAGE UST3 L0X/Lh2 PTTOPELLANT WITH VACUUM ISP 456.7 SEC 

(HE DESIGN PAYJLUAD SHALL RF 500 K|^ INTO A_ CIRCULAR ORB IT OF 

270 N. MILES AND AN INERTIAL INCLINATION OF 31,6 DEGREES 
»SCEl'n~SFlAT^TrTD“THt NOMINAL ASCENT MISSION 

MECU CONDITIONS ARE 10 A THEUkEIICAL OKBII OF 169.2? N. MILES 

BY 50.42 N. MILES (COASTS- TO APOGEE OF 160 N. MILES) 

“ On-O R BlT“T5EtTA- t‘ C acn RFOu IX f TTF^lTi CT fFE t / S FCUND 

KCS system sized for a DELTA VFLOCITY RfOMT UF 220 FFET/SFCUND 


THE VEFiICLE sized FUR A THRUST/wEIGHT RATIO aT LlFI-OFF OF 1.30 
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MAXIj^UM AX IAL LOAD FACTOR DURING ASC^^NT IS 3.0 G«S 

T<JAJECT0RY has A MAXIMUM AERU PRESSURE OP 650 LRS/FT2 

M AX IMUM 'A ERO PRE SSUR L- AT S! AGING' 'L IMTT tD ' 10 25 LB S/fJ2 ' 

L- 1 RECT Entry PRuM 27C N. miles ASSUMMEC (DELIA V = A15 ft/sec > 

PFIGHT PERFORMANCE RESERVE = 0.Y51 TUTAL CHAC ASCENT VELOCITY 
WEIGHT SCAVINO” PER'lRUCK^ o li'LLV STIjDI ES 

A WEIGHT GROWTH ALLOWANCE OF IS ASSUMMFO FOR BOTH STAGES 

FIRST STAGE BURNS YVV5060 POUNDS UF ASCENT PROPELLANT 
SECOND STAGE '(ORblTER) ENGINES bURN' 5C9?^33 L3S" OF PROPELLANT 

S EC ONO STAGE D KY WEIGHT WITHOUT PAYLOAD EQUALS 727620 LBS 

SECOND STAGE THRUST LEVEL ? STAGING EQUALS 4750000 LES 
SECOND S TAGE' AS SUME S 4 EnGTnE S FO'r'^SCTnt' 1(^1 Th ' 1 OUt’ToR^^ 

SECOND STAGE EPL THRUST LEVEL FOR A30RT IS 112 t FULL POWER 

SECOND STAGE OVERALL BOOSTER MASS FRACTION = 0.8489 W/0 MARGIN 

SECOND STAGE WE IGHT BREAKDOWN 

RE SIDUAL WEIGHT = 2070 POONOS 

RE SERVES WEIGHT = 3300 POUNDS 

RCS' PROP WE TGhT“= “1828 0“ POUND'S'' 

bURN-OUT altitude AT SECOND STAGE THRUST lEHMINAlION = 50 N. MILES 
ADVANCED TECHNOLUGY WILL BE COMPATABLE WITH iHfi YEARS 1990 'C ON 


IHIS RUIV IS MADE With A CONSTANT KICK ANGLE - LOX/RP-1 BASELINE 



vFHIXrrTH-AR-SCTtfTTrmrS (nominal mission) 

CASE 65 

STAGE 

1 

2 

3 


GROSS STAGE WEIGHT, (Lb) 

1573TO60 .0 

9891695.0 

4317477.0 


K|m|Ky||9 

1. JOO 

0.9 71 

0.986 


THRUST ACTUAL, (Lfc) 

20950352.0 

975G000.0 

9750000.0 


ISP VACUUM, (SbC) 

370.366 

966,700 

966.700 


■STRTfmTRb'iTm 

109598S.9 

o 

• 

o 

806009.0 


PROPELLANT , (Lb) 

9607C6V.C 

74168.0 

3906960.0 


PERF, FRAC., (NU) 

0.6107 

0.01 52 

0.7071 


-pROPnXANT ’FR AT."; ( NU b ) 

C.9019 

l.OOCO 

0.8067 


BURNOUT TIME, (SEC) 

15fc.3b7 

166.67^ 

502.199 


iiBURNOUT velocity, (FT/SEC) 

8238.750 

8^07.051 

25959.109 


B U1^^^JUT“G^^^MM)I,(UEGREES) 

1^.396 

13.338 

0.187 


BURNOUT AlTITUDE,(FT ) 

18C9^8.6 

195997.2 

319657,5 


BURNOUT range, (NM) 


66.6 

{<09.7 


T OFAX VEX 0 CT TY',TFr/S FIT) 

1 09 60. 3 

11189.7 

29628.0 



INJECTION VELOCITr,(FT/StC) 0.0 FLYBACK KANGt(NM) 211.9 

INJECTION PROPEL LANT-t( LB) 0.0 ‘ PL YB ACK 'PROP ( LB S ) iS68b4'.9 

ON ORBIT r)fLTA-Vt<FT/SEC) 1083. t. 

ON-ORB 1 r T>ROPP LIT ANriTL-B ) — — 9^~354TI 

ON ORBIT 1SP*(SEC) 966.7 

THETA= 2B.19 PITCH RaTE= O.C'0192 ' ATTEMPTS TO CONVFRGF= 3 ■" 

50V663.0 


PAYLUAT;, (LB) 


CASE 


SUMMAKY WEIGHT STATEMENT (NOMINAL MISS ILIN) 


0'<51TE« WEIGHT bREAKDOWN 
DRY WE IGHT 

PERSONNEL ' ‘ 

residuals 

RESERVES 

IN - FLIGHT L03S^S 

aCPS PROPELLANT 
OMS PROPELLANT 
PAYLOAD ■ 

ttALLAST FOR CG CONTROL 
OMS installation KITS 
“PSYLDATT'MOiJS 


_727620.000 pounds 
' 3 0 0 0 . 00 0 ‘P U U N D S ' 
PG7C.000 POUNDS 
33CO.OOO POUNDS 
10A39.000 POUNDS 
1B260.030 POUNDS 
9S3*H.12S_ P0UN(3S 
b096S3V006 ' POUNDS 
C.O POUNDS 
0.0 POUNDS 
0.0 POUNDS 


TOTAL END ROOST (ORPITFR ONLY) l_3b9716.00 POUNDS 

OMS faUENbO DURING ASCENT 0.0 POUNDS 

ACPS bURNEO DURING ASCENT 0.0 POUNDS 


external main tank 

TANK DRY WEIGHT 26^0.000 POUNDS 

RESIDUALS ■ ■ n'TSO'.UOD POUNDS' 

PROPELLANT BIAS ( 2690.000 ) POUNDS 

PRESSURANT ( 2120. COO ) POUNDS 

... j 9320.000 ■■) PTJUNfJS“ 

FNGINRS ( 3E.b0.C00 ) POUNDS 

flight PERFORMANCE RESbRVt 20930. COO POUNDS 

UNBURNED PROPELLANT (MAIN TANK ) 0.0 POUNDS 

TOIAL END BOOST (EXTERNAL TANK) 91300. COO PtJUNDS 

~U rAT»L E~ PR OPE L LANT~TTXTER N Ar TaNKT PO UNDS 


FLYRALK PRUPELLANl (FIRST STAGE) 186t^9.937_ POUNDS 

SOLID ROCKET MOTOR (FIRS) STaGl) 9090598.00 POUNDS 

SRM CASE WEIGH) (2) 1095983 .87 POUNDS 

SRM- STRUCTURE-C-RCVY- TWEIOHT T5TC POUNT'S 

SRM INiRl STAGING WEIGHT 1095988.87 POUNDS 

OSABLr SRM PROPELLANT " 7995060.015 POUNDS ' 



TOTAL GROSS LIFT-OFF WEIbHT (GLOW) 


15731068.0 


POUNDS 
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TIMF 

VKEL 

ALT 

GAMMA 

OBAR 

LOAD FACTOR 



ALPHA 
THRUST 1 

VTJDT 

MACH 

VAC THRUST 1 

GOT 

LIFT 

IHROTTLt 1 

VGRAV 
RANGE 
THRUST 2 

VDRG 

DRAG 

VAC THRUST 2 

THRUST 
THROTTLE 
THROTTLE 2 

0.0 

0.0 

0.1830C0E+C3 

0.9COOCOE+C2 

0.0 

0.13C101E+01 

0. 157311F+0a 

0.0 

0. 170419E+00 

0.0 

0.182l67b+03 

0*0 

L.O 

O.lOOOOOE+01 

O.C 

0.0 

0. 342432E + 07 

0.0 

0.0 

0.473192E+07 

0.2C4662E+08 

O.IOOOOOE+Ol 

0.1000006+01 

0. lOOOOOE+01 

0.982707E+01 

G.167900E+03 

0.90000CE+02 

0. 110324E^OO 

0.13C616E‘^U1 

■0n5'6692FfXra 

0.0 

0. l7G42iE+08 

■0.991 COStVOl" 
0.869lb2E-02 
0.182 167E+08 

D7TJ 

0.991394E+02 

C.lOCCCCE+01 

0.32194U5+02 

O.C 

C.342454E+07 

0.155268E-03 

0.2264896+03 

0.473192E+07 

0.204666E+0S 

O.lGOOOOE+01 

O.lGOOOOE+01 

0. 199999F+01 

0.19S 209E+Q2 

0.202710E+03 

0.900000E+02 

0.^^8639E+00 

0.131137E+01 

"CrT5'6073fV0S 

O.C 

0. 17o9i;7t+08 

o.ico77yfc+cr2" 

0.17A313E-01 

0.182167E+08 

CJ7D 

0.382319E+03 

O.lOOOOOE+01 

0.6H3897E+C2 

0.0 

0. 342b22E + 07 

0.125196E-02 

0.9l6862E+03 

0.473192E+07 

0.204679E+08 

O.IOOOOOE+Ol 

O.IOOOOOE+Ol 

0.299999F+01 

0 .29983t)F+02 

0.227698E+03 

C.900000E+r2 

0.102494E+01 

0.131665E+01 

“Drt5'54’5'9t+trB 

0.0 

O.I7C937L+08 

0.102A80E+02 

0 .263713E-01 
0.182167E+00 

OTO 

0.87S430E+03 

O.IOOOOOE+Ol 

0.965844E+02 

0.0 

0. 342<S3'iF+07 

0.427176E-t)2 

0.203667E+04 

0.473192E+07 

0.20A701£^0tt 

O.lOOCOOE+01 

O.lOCOOOE+01 

C. 39999CB+01 

0.A0317AE+G2 

0.26273AE+03 

0.900000E+02 

G.135321E+Cf 

0.132200fc+01 

tjrm-BFs E+xrs 

0.0 

0. l7C952t+08 

Cr71C^202E+C2~ 

0.3bA650E-0l 

0.182167E+08 

CTD 

0 . 1 li 1 39? + 04 
0, JDCOOOE+01 

U. 128 ^79E + 03 
0.0 

0. 3427948 + 07 

0. 102408E-C1 
0.374194E+04 
0.473192E+07 

D7?04731E^-C8 

O.lOOOOOE-i-01 

0.100000E>01 

0. 99999ofc+01 

0.b0829f>E+C2 

0.308289E+0 J 

U.900CCCE+02 

0.294136E+01 

0.132742E+U1 

*tr. t 

0.0 

C. 17C47C L+Otj 

CTTitJ5v<rirr+'0Z“ 

0.9‘.71‘>AE-01 

0.1b?l67E-r03 

C . 0 

0.2409878+04 
0. lOOOOOE + 01 

0. 1409 /4fc+03 
0.0 

0. 343G02t+C7 

O.2O23llE-01 

0.592866E+04 

0.473192E+07 

0.204771E+0B 

O.lOOOOOb+01 

O.lCOOOOt+01 



riMt 

VREL 

ALT 

GAMMA 

QR AR 

LOAD FACTOR 

“W 

ALPHA 
THRUST 1 

”^01 

MACH 

VAC THRUS r 1 

ITQT 

LIFT 

iHKOlTLt 1 

VGRAV 
RANGE 
THRUST 2 

VORG 

DRAG 

VAC THRUST 2 

IHRUSl 
THROTTLE 
IHKOTTLE 2 

0. t>9V9S'7t + 01 

0.61^)0736 + 02 

0.3699396+03 

0.9000006+02 

0.9301 21E+01 

C.133291E+01 

xrr 1*^5 WF+tTB 

0.0 

0. 170493E + 0b 

— 0rvrC77I3t'VC2" 

0.6^1258E-01 

0.182167E+CB 

0.367C22E+09 

O.lOOCOOE+01 

0.r95T6bT+03 

0.0 

0.393257E4C7 

0.3^36106-01 

0.8632bbE+09 

0.973192E+07 

C.2a98l9E+08 

O.lOOOOOE+01 

C.IOOCOOE+Ol 

0.699997F+01 

0.723679E+02 

0.431361E403 

0.900000E+02 

0.3993926+01 

0.133096E+01 

~tj7l“5?979e+08 

C, 0 

0. 17C52lF+0e 

0 .1C9 503ET-02 
0.636992E-01 
0.1821676+08 

U » 0 

U.507161E+04 

O.IOOOOOE'^01 

0. 2253626+03 
O.O 

0. 3935606+07 

0".5679 57E-Ol 
0.11SeC5E+u5 
0. 9731926+07 

0.209877E+G3 

C.lGOOOOE+01 

O.lCOOOOE+01 

0. 7999'76t + 01 

0.S390b5E + 02 

0.509233t+03 

0.9C0000E+C2 

0.787894E+01 

0.1 39909E+01 

a.”I5Z3'MET 08 

0.0 

0. 17G5b2V>0« 

CTiTlTn^E+TO 
0.739391E-01 
0.1 62167E+08 

CTO 

0.67;).2676+09 

O.lOOCOOE+01 

C.? 673666+ 03 
0.0 

0.343912E+07 

C.8579e5E-Cl 
0. 156876E+05 
0.973192E+07 

0.2099936+06 

0.100C006+01 

O.lOOOOOt+01 

1 

0.89V99bE+01 

0.9^631‘tE+C2 

C.598236E+03 

C.9G0C00E+02 

0.101165E+02 

0.139978E+01 

~0VT5TT^F^~u~3 
0. 0 

0. 17C58bE+Ca 

am3ri49E+02 
0. 8339876-01 
C. 182 167b +CB 

0.0 

0.863293F+09 
0. ICiOOOOE+Ol 

0.2897986+03 

0.0 

0.3943196+07 

0.123961E+00 
0.200699E + 0!> 
0.973192E+07 

0.205O20E+0S 
O.lOOOOOt+01 
O.IOOGOOE+Ol 

0.9999V^;L+01 

'0. 151173E+Gir 

C.O 

0. 17 06 2 9 fc+ Oo 

0.1(50396^03 

0.6V8666E+03 

0. 900 COOP +02 

0. 126t>76E + 02 

0.135555E+01 

0“.T15VaT6+T3r 
0.934815E-CI 
0. 1L<2 l67E+0b 

OTC 

0.1CE093E+03 
G. 1 CC OOOE + 0 1 

0.3219916+03 

C.O 

C. 399766E+U? 

0 • 17 1 3 096+ CO 
0.2509 3GE + C?> 
0.973192E+0V 

0. 2051056+08 
O.lOOOOOE+01 
0.1 CO 00 OE +01 

C. lOOOOOE+02 

0.106U90E+03 

L'.69b660E + G3 

0. 89631 5E+C2 

0.12Gt78F+02 

0.1355556+01 

0. 15H23t+0P 
0. 0 

C. 17u629E+0b 

C ■.n5CI3F+X?' 

0.93h319E-G1 

0.162167E+00 

-C7T9 2 9 77F=0T 
0 . 1 060‘.’9 £+0 6 
0. lOOUOOt+01 

“Xi . 321 99T2F+ 03 
0. 0 

0. 3997666+07 

■njTirriirTFTFO 

0.250935E+05 

0.9731V26+07 

0.2C5105E+08 

O.lCOOOOe+01 

c.ieooooE+01 



TIME 

VKEL 

ALT 

GAMMA 

WH AK 

LOAD factor 

w 

ALPHA 
THRUbT 1 

’YDOT 

MACH 

VAC THRUST 1 

GCT 

lift 

IHKOITLF 1 

VCKAV 
RA^GE 
THRUST 2 

VDRG 
m AG 

VAC THRUST 2 

THRUST 
ThRUTTLE 
IHRQTTLE 2 

0. 120000E+02 

0.129420E+03 

0.9339176+C3 

C. 894^73E+C2 

C.187978F+C2 

0.136729F+01 

Ori498G5FKiB — 
0. U 

0. 1707i>4t-+0d 

0.1 14133E + 00 
0.1&2167E+08 

-C.1CG452E+C0 

0.13v973E+0b 

G.lOOODOE+01 

0.3B63'2^E + C3 
0.3!53^9.^E«03 
0*343620E+07 

0.3029546+00 
0.3682516+U5 
0.4731 V26+07 

C.205305E+08 

0.1000006+01 

0,1000006+01 

O.l^OOOUt+02 

0.1b3t>69E + Ci'3 

C. 12 1679E+U4 

C. 692766E+C? 

0.26l9Ci>E + C2 

0.137931E+01 

o;i486'wr+TJir“' 

0.0 

0. 170836t+0« 

crrr2z^9T*(rr 

0.l3*>'i70E+00 

0.l82167Ef08 

-0.13C61)6E + 00 
0.223484t+05 

o.iocooob+ei 

0. ^b07G!>E + 03 
0.v5at513b^03 
0.34707tiE + C7 

0.4919516+00 

0.5115276+05 

0.473l926+07_ 

0.2C55»44E+0b 
0.100000E>01 
O-lppOOOE+Ol _ 

0. 16C000E+02 

0.178i>07E+03 

0.134872E+04 

0.8b9321E+02 

0.350oC3E+02 

0.139162E+01 

TJri4T*fnT+crB~ 
0. c 

G. 170966e + 0<i 

OTTZ6rt9SF+OT 

0.1!»7774E+00 

0.U2167E+08 

-0.164246E+00 
O.299l70E + 0t> 
O.IOOOOOE+Ol 

0.61507VE+G3 

0.ly4111E-0? 

0.3486416+07 

0.750573E+00 

0.6314C3E+05 

0.473192E+C7 

0.205a22F+D8 

O.lOOOOOE+01 

0.1C0CG0E4-01 

0, 1800L05+02 

0.204256E+03 

0.lv3129h+04 

0.8856756+02 

0.45411aF+02 

0.14042lE^0l 

G; 146173E+C8“~ 

C. 0 

0. 1711 IG£+Cb 

■ ■07r30S'(74r+X2" 

0.1B0776E+00 

0.HJ2166E+08 

H572Cr066bE+00 
0.387A99t + Ct< 
0. 1000006+0 1 

0.5794446+C3 
C. 34632CE-C2 
0.35021 16+ 07 

0. 10V190E+01 
O.bTH^J 4F,E + 0i> 

0.206l39E+0a 

C.lGGOOOt+Cl 

O.lOOOOOE+01 

0. lVV9V»t+02 

0.230!5 3&E+03 

0.236tlCt+04 

0. fci5l232t + C2 

0.572SB2E+02 

0,1417106+01 

*0.’T94976T+0B — 
0.0 

0. 171286t-*-08 

- “0;13FG34E+GZ' 
O.20461CE+C0 
C.lt.21bfcE+C8 

^3r?38596E+CC 
0.4t!8P4UF + Ob 
0. 1000006+01 

0.69379^.6 + 03 
0. 572963E-02 
0.352086L+C7 

0. 1529776+01 
0. 110512E+O6 
0.4731926+07 

0.2064956 + 08 
O.ICOOOOE+Ol 
0.1000006 + 0_l_ 

D.219999E+02 

0,2t‘B279E*C3 

0.2864766+04 

0,8761096+0? 

0.7C7i94E+C2 

0*l43027fc^01 

“0;'l^i'369eF+OS" 
0. 0 

C. 17147 3t+CH 

0VT39-394FT0T 

0.2.93UE*CO 

0.1821668+08 

■ -CTiTTOT'^Br+CrD 

0.6039486+06 
C. lOOCCUL+01 

— C;TiJFT?4^+63 
0.899C3> F-t:2 
G. 354166E+07 

0.2078816+01 

0.1360776+06 

0.4731926+07 

0.2C6b90E+0t 

o^ioooaotji^oi 

O.lOOOOOc+01 



oi-ff 


liMb 

VREL 

ALT 

GAMMA 

QBaR 

LOAD FACTOR 

• W 

ITDDT 

CC57 

VGRAV 

VURG 

IHRUSl 

ALPHA 

MACH 

LIFT 

RANGE 

DR AG 

throttle 

THRUST 1 

VAC ThRUSl 1 

THROTTLE 1 

THRUST 2 

VAC THRUST 2 

THROTTLE 2 


0. 239*^ 0 .2bf>b06E + 03 0. 339b93E + 04 0. b?01l6E-*-G2 0 . b57 20S>E+0? 0.14^372E+01 

TTTTzrZ^&TT+ITB 0.143b9dE + 02 -0.3l9d7!>L + 0C) 0.772^2bE+G3 0.27b^36E*01 0.2G7323E + 08 

0.0 0.234919E+00 O.731452E + 0ti 0. 13b43‘.E-0l 0.1646t2E+0fe O.IOOOOOF+Ol 

0. 17l67lit + 0li 0.182166E+08 O.lCOOOOfc^Ol 0,3i>694dE+C7 0.473192E + C7 O.ICCCOCE + Cl 


0. 249998^+02 

0.315B30E+03 

0.900025E+04 

0, 8633088+02 

0. 102291E+03 

0.1957A6E+01 

0* Ia- 124 Jt+ub 
0.0 

0. I71901F+0B 

0.198 338E+02 
0.281479E+00 
0.182166E+08 

~0 .36127 3E+00 
0.872895E+03 
O.lCOOOOE+01 

0.836 6 8 9E+03 
0. 197378E-01 
0.388926E+07 

0.357297E+01 
0. 196321E+C6 
0.473192E+07 

0.207793E+08 

O.ICCOOOE+Ol 

O.lOOOOOE+01 

0. 2799vBt+02 

0 .396092E+03 

0.966035E+09 

0. 8866656+02 

0.12C412E+03 

0.1971A8E+01 

tr;T399^4F+08 

0.0 

0. 1721‘ilE+C8 

0 ; 1 53 392 E +07 

0 .309G23E + CO 
0.182166E+C8 

"■■-■C.4C'2??76E + Cra 

0.1G2797E+06 

O.lOCOCUE+01 

0.9C08“6E + C3 
0.2797556-01 
0.361597E+07 

0.954980E+C1 
0. 2310996+06 
0.973192E+07 

0.208 300E+08 
0. lOOOOOb+01 
O.IOOOOOE+Ol 

C. 29999aE+02 

0.37722(SE + 03 

C. 33bC8 /E + 09 

C.8972C1E+C2 

0.190052E+C3 

C .198612E+01 

0. 13B7^tih+Uti 
0. 0 

0. 172397t+06 

0 • lbBb26fc+02 
0.337622E+00 
C. 182 166E + C8 

~0 • 99 '369 9E + Oli 
0.119506F+06 
C.lCOCOOE+01 

0. 1 t>E+ OT 

G.387124E-C1 
0.36^AS3E'i-07 

0.869766E+01 

0.269198E+06 

0.A73192E+07 

0.2088A2E+08 

O.ICOOOOE+Ol 

O.lOOOOOt+Ol 

0.3l999C»-+02 

0 .4('99 74E + 03 

0.6 16396G + 09 

C.837925E+02 

0 . 16118AE+03 

0.1t>0141E-^01 

0. 1 3T5n L+ 08 
C.O 

0. 1726Y0t+08 

U • 1 V6V t ■•‘LV 

0.3^7■356E+C0 
0 *182 16oE-fr08 

-0,983/6 Ifc + CC 
0.137838E+06 
O.lUCCOOb+ol 

0. 1029O6e+('9 
0. 5296C6E-CI 
0.3879B6F. + C7 

0.700C59E+01 
0 .295A0CE+06 
0.A731926+07 

0.2 0941 db +06 
O.lOOOOOE+01 
O.lOOCOOE+01 

0. 339997 + + 02 

O.A^2ts^GE + C3 

0.70U977F+09 

0.827 859 F+C2 

0. 1837 **86+03 

0.15170AE+01 

Ui r362T‘3fc+C8 
C. 0 

0. 1729371+08 

rt =*"02 
0.3V83U2E+00 
0.ie2l0bE+08 

-CT.'Sr 2656^ •FOIT' 
0, lbaV92E + 06 
0. lOOCOOL+Ol 

0. IC9295E +r A 
0.6978866-01 
0. 37G685F+07 

U.8A6/ 566+Cl 
0,3289686+06 
0.973192F+C7 

0.210028E+08 

C.lOCOOCE+01 

O.ICOCOOE+Ol 



TIME 

VREL 

alt 

GAMMA 

OB AR 

LOAD FACTOR 

w 

alpha 

THRUST 1 

TnOT 

MACH 

VAC THRUST 1 

CUT 

LIFT 

IHROTTLt 1 

VGRAV 
RANGE 
THRUST 2 

VURG 

DRAG 

VAC THRUST 2 

THRUST 
THROTTLE 
THROTTLE 2 

0.359Si'#7E+02 

0.^77374E+03 

0.792137E+G4 

C.817030E+02 

0.2076fclE*03 

0,153300E<^01 

0. 135U35F+(T8 
0.0 

0, 173253E+03 

0.175681E+02 

0.430531E+CO 

0.102166E+08 

-O.559987E+00 

0.177197E+06 

O.IOOOOOE+Ol 

~mi567lE + C4 
0.913211E-01 
0.374040E+07 

0.101127E+02 

0,3b4857E+06 

0.473192E+07 

0.210662E+08 

0.100000E4-01 

0.100000L-*^01 

0.3799V7E+02 

0.313133E+03 

C,8899e2E+09 

0.8C5473E+02 

0.232826E+03 

0.154928E+01 

TJ7T337?'BFRra 

0. 0 

0. 173572t+08 

TJTTBrW9FMJ7“ 

0.464132E+00 

0.182166E+08 

-0.595A65E+00 

C.198fc71E+06 

O.IOOOCOE+Ol 

0. 122028E + 04 
0, 11773bE-^00 
0^37753VE+C7 

0. 119502E+02 
0.4030C4E+06 
0.4731 V2E+07 

0.211326E+08 

O.lOOOOOt+01 

O.IOOCOOE+Ol 

0. 3999Vht+0Z 

0*5t0l76E+03 

0.994655E+04 

0.793227E+02 

0.259129E+03 

0.156590E+01 

“0. 1325"6TEVT»5 

0,0 

Cl. 173898fc+0B 

0,1 B8524F+T)2 

0.499201E+C0 

0.162166E+08 

-0.62bb30P+OU 

0.22H14E+06 

O.lOOOOOE+01 

0.128362E+C4 
C. 149774E+00 
0. 381166E+G7 

0*139944E+0? 

0.443330t4-06 

0.473192E>07 

0.212015E+0b 

O.lOOOOOE^Ol 

O.lOOOOOE^Ol 

0.419996F+02 

0.588531E+C3 

0.11C629E+05 

G.780356F+02 

0.2864G5E+03 

0.158170F+01 

~m3 ITZ31E¥UE 

0.0 

0. 17^234L+Ob 

0. 195056E+O2 
0.535818E+00 
0.lh2l£)6E*0& 

-0.657884E+O0 

0.236397E+06 

G.IOOOOOE+Cl 

G. 134669E + C4 
0. 18821 lE+00 
0.384906P+07 

0.162944E+02 
0.500546E<-06 
'0.4731 92E+07 

0.21272&E+08 

O.lOOOOOE-fOl 

O.lOOOCOE+31 

0.4399V6E+02 

0.623216E+-03 

0.122499E+05 

C.766V33E+C2 

0.31^^61E+03 

0at)9749E+01 

■Dn300Q6T+l)0 

0.0 

0.1745 /vt+03 

OV201 iJl6E>Tj 2 
0.574 062E+00 
0.182166E+08 

-0,i!>8400feE + J^ 
0.250185E+06 
O.lOOOOOE+01 

0. 1A0945E+C4 
0.2338665+CC 
C.3S3743F+C7 

C.189l26t+C2 

0.r»6364f9E’^C:<S 

0.^73192E+07 

C.213453E+CH 

O.lOOOOOE+01 

0.10OGt?0E+01 

0. 4599 9 5 1> 02 

0.669275E^03 

0.135088E+05 

0.753018E+C2 

0.343115E+C3 

C.161325E+01 

--0rl7-884trE+t)fa‘ 

0.0 

0. 1749ilb+G8 

"tr.'TtJB" 807FF02 — 

0.fcl4051E+00 
0.182 166E+CB 

-TJTTGTllTrETUI} 

0.262292E+06 

C.ICCOCGE+Cl 

C7T 4TrF5F'TC4~ 

0.287597E+CC 

C.392659E+07 

0.21HS34'£ + D2 
0.632537E+06 
C.473192E+07 

0.214 196E+08 
0.1C0030E+01 
O.IOOOOOE+Ol 



TIME 

VREL 

ALT 

GAMMA 

OP AR 

LOAD FACTOR 

W 


GDT 

VGRAV 

VORb 

THRUST 

ALPHA 

MACH 

LIFT 

R A N (:* c 

DRAG 

THROTTLE 

THRUST 1 

VAC THRUST 1 

fHKQTTLt 1 

THRUST 2 

VAC THRUST 2 

IHKOTTLE 2 


0.479995F+0i; 0.711736E + 03 0. l4fa396lr+05 0.73b672E+02 0.372167E + 03 0.162895E+01 

~07T2T6T1T?UB DTZT6031E + 02 - 0.7271 I^E+0^ 5715338 4 E-*- 09 0.25244AE+02 0.214951E+08 

0.0 0.655916E+00 0.272362E+06 0. 350294E+C0 0.707378E+06 0 . 1 OOOOOEfOl 

0. 175286E+06 0.l821b6E+08 O.lOCOOOE+01 C.39663bE+07 0.473192E + 07 O.lCCCUOE+01 



0. 499995E+02 

0 .755 704E+03 

0.1b2437E+G5 

0.723937E + 02 

0^4014G7E+G3 

0.164452E+CI 


‘Cr. 12'63T3rE+'0B 
0. 0 

0. 17b649bi-08 

Crr2737r77fF+02 

0.699804E+C0 

0.182166E+08 

-0.743961E+00 
0,2b0035Ei-06 
0. ICOOUOE+Ol 

0. 159537E + C4 
0.422 877E+ 00 
0.400652E+07 

0.290324E+02 

0.Y883C9E+C6 

0.4731926+07 

0. 2157146+08 
O.ICCCCOE+Cl 
O.lGOOOOE+01 


C. 519^95t+02 

0.a01l61E-^03 

U.177210E+05 

C*708937E+02 

0.430604E+03 

0.165995E+01 


■07T25r35E+Tia 

0.0 

0. 176012E+C8 

0.231126E+02 
0 .745873E+00 
0.1821666+08 

-0.757658E+C0 
C.284943E+06 
0. 1000006+01 

0. 165638E+Q4 
0.506293E+00 
0.404691F+G7 

0.332876E+02 

0.875421E+G6 

0.473192F+07 

0.216481E+C8 

O.lOOOOOE+01 

O.lCOOOOE+01 

T 

C 

0. i>39994E+02 

0.84816UE+03 

0.192Y13E^-0t) 

G.69367AE+C2 

0.4898 14E+C3 

C. 16.75186+01 


071738'98rFXr8 — 
0.0 

0. 176378t+C8 

Crr?3B^T4F+ITZ 

0.79^296E+00 

C.Ifc2l66Ei‘08 

-CJ77&B229E+00 

0.2367436+06 

C.lOCCCCE+01 

57T7l6ii3E+G4 

C.6015O7F+CO 

0.4087336+07 

0.380514E+02 

U.968748F.+06 

0.4731V2E+07 

0.217248E+08 

O.IOOOOOE+Ol 

O.lOOOOOE+01 


0. !)59994f+C2 0 .b96 764E + 03 0.208960F+05 0.678231E+C2 0.487868E+03 0.169018E+01 

"0;T226'6TT4C3 0".“2 47TJ03T+ iJ2 -U. ^78 7386+00 0. 17766fcF + C4 0.4336e3E+02 0.218012E+08 

O.C 0.8452b2E + 00 0.28b0636-^06 0.709499E + 00 0.106825E + 07 0 .1 OOOOOE+0 1 

0. 176736E+U3 0.1t2l66E+Cb 0. lOOOOUE+O L 0. 4127 88E + G7 0.473192E+C7 O.lCOOOOE+01 


0. ‘)79994E+02 
•0i-l?1423E+0tr 
C.O 

0. 177093t»08 


G .V47t 24E+03 U.22S933E+08 G.662667F+02 0.51841VL+03 0.17D633E+01 

OT?"^5'64TE^'Cr2 -U . /au2 iOb + OU 0. 183b83t+Ci4 0.492330t + 02 0.2 18769E+08 

0.899970E + 00 0.27 V5>bbE + 06 0. 831 287E + 00 D.ll8b9feE+07 O.lCOCOOE+01 

0.182166E+G8 O.lOOGOOL+01 0.416747E+C7 0.4731V2E+0? 0. lOOOOOE+01 



€T-« 


TIME 

VREL 

alt 

GAMMA 

03 AR 

LOAD FACTOR 

W 

ALPHA 
THRUST 1 

VUDT 

MACH 

VAC THRUST 1 

ITDT 

LIFT 

THROTTLE 1 

VGRAV 
RANGE 
THRUST 2 

VDRG 

DRAG 

VAC THRUST 2 

THRUST 
THROTTLE 
THROTTLE 2 

0. 59VV93E+02 

0.999039E+03 

0.24363SE+05 

0.6470436+02 

0,5^1900F+C3 

0.I72238E+01 

0. 1201B6e+08 

0.0 

0. ITTA'tSE+Ca 

■tJTTS^preTFTOT 

0.955692E+00 

0.182166E+08 

=rr7BT79FE+TC 

0.270013E+06 

0.10COU05+.01 

0.189428E+C4 
0.967/836 + 00 
0.420602E+O7 

0.35642CE+02 
0.124981E+07 
0.4731 92E+07 

0.219bl6E-^08 

O.lOOOOOE+01 

oaoooooE+01 

0.619993t+02 

0.105285E+04 

C.262061E+0b 

0.63141^»E + 0? 

0.566972E+C3 

0.173877E+01 

tini 89 WE»W 
0.0 

0. 17779!>b+C& 

tJTZ 7bf>4Bt*u^ 
0.101963E+01 
0.182166E-I-C8 

-0.T3r096?*Ua 
0.259646E+06 
0. lOOOOOE+Cl 

0. 195197E+04 
0.112009E+C1 
0.424843E+07 

0,6261 14E+02 
0.1341 17E+07 
0.4731 92E+07 

0.220249E+08 

0«100000E+01 

O.lOOOOOE+01 

0. 639993E+02 

0.1108AAE+04 

C.281203F+05 

0.615803F+C2 

0.b90132t+G3 

0.176296E+01 

o; 1177I1E+OB 

o.c 

0. 178139E+08 

0.1C7890E+C1 
0.182 166E«08 

-U. ^if9493E+00 
0.256421E+C6 
O.lOQUOOE+01 

O.2C0886E+C4 
0. 12891 7E + 01 
0.428319t+C7 

0.7022 83E+02 
0.146094E+07 
0.473192E+&7 

0.220966E^08 

O.lOOOOOE+01 

O.lOOOOOE+01 

' 0.659992fc+02 

0.116f>77E+04 

C.301CS1E+0S 

0.6002806+02 

0.611O13E+03 

0.1766586+01 

'CrltWTJt-'f'OB 

0.0 

o.neAfcAf+ob 

0;2909B9EyO? — 
0.1 14Sb9E*01 
0.182166E+03 

— u. 1 / b t^i>b*Cu 
0.280335E+06 
O.ICOOOOE+Ol 

0. 206491’E + CA 
0. 14760'*E + 01 
0.4319fa7E+C7 

0.786063E+02 

0.158874E+07 

0.473192E+C7 

0.221662E+08 

O.lCOOOOE+01 

0.1000006+01 

0. 679992 t+02 

0.122481E+04 

0.321591E+08 

0. 3a4740E+02 

0.62B941E+03 

0.177889E+01 

■0."1132^6E+aE 

0.0 

0. 178732 c+Ob 

0.299427FTC2 — 
0.121 574E+01 
0.1b2165E+Cb 

=D.76998'3E+DC 

0.241331E+06 

O.lCOOCOE+01 

0.2120096+04 
0. 168168F+01 
t.43S833F+C7 

0.8782976+02 
0.173264E+C7 
0. 4731926+07 

0. 2 22 33 5 E +08 
O.lCOOOOB+01 
O.loOOOOE+01 

.0. 6999V2t+02 


C.3428Ct»E + 05 

0.t)69464t + C2 

C.iS43^3^E + 03 

C.179C95b+01 

’0i113998t+tJ3 

0.0 

C.17908bt+0e. 

"0 • 3TJ7^tTETO2 
0a23^36fc + 01 
C*lb?l6bE^Ca 

-cr.r&zinnr-nju 

Ci,22931bE+06 

C,10CCO0E+Cl 

C. 21Y438E+C4 
0. 19C70SE + 01 
0.43894GE+07 

0T97971CE+02 

0.187991E+07 

0.473192c+C7 

0.222982E-fr0a 

C.100193E+01 

O.lOOOOOE+01 



B-14 


1 IMt 

Vi^EL 

ALT 

gamma 

QBAR 

LOAD FACTOR 


VDUT 

GOT 

VGRAV 

VDRG 

IHRUST 

ALPHA 

MACH 

LIFT 

RANGfc 

DR AG 

throttle 

THRUST 1 

VAC IHKUSf 1 

IHROTTLt 1 

THRUST 2 

VAC THRUST 2 

THKUTTLE 2 


0. 7199<»lE+02 0.134345E + 04 0 . 3o46b3E*0i> 0.5b4257E+02 O.bbOlC^E + 03 0.168962E+01 

“0riT7BTrTF+ (7B DTZTiO 11 lt + U 2 -C'.7b0029E+00 07222766E + 09 0.1090lbE + 03 0.210707E+08 

0.0 0.136220E+01 0.214127E+06 0.2152EbE+01 0.200«b0E+07 0.942336E+00 

0. 1664a76 + 0b 0.182165E*08 0.928121E + 00 C.492197E+07 C.973192E + 07 C.ICOOOOE+Cl 


0.739991F+02 0.190U60E + 04 0.387034E + 03 0.539161E+0? 0 ,6501 ^^jE* 03 0.172531E+01 

1T;TTT642F+U3 0T7WE2irETU2 =0 . 7 50991 E+00 0. 22900GE + 04 G.12C3 53E+03 0.213834F-*-0a 

0.0 0.143b24E<01 0. l96b24E+06 0.2418 38 5+01 0.212C02E+07 0 .9 t>3fi32E+0G 

0,1693070+08 0,182lb5E+08 0.942390E+00 0.445271^07 _ ^•^731_92E + 07 0*100000^+01 


0.7599V1E+02 0.146364E+04 0.40V948E+05 0. 524254E+C2 0.649544E+03 0.182883E+01 

07T1 043 b rf 0 5 0.334 G64b+O2 -0. >3696 lb‘+0O 0.233134E + 04 0.133433E + 03 0.224046E+08 

0,0 0.151504E+01 0.175299K+06 0.270591E+01 0.22Cb0OE+07 0,99b95lE+00 

0. 179231 t+Oa _ 0.J,82165E + 08 0 .99 b l91E+0 0 0. 4481 55F+C7 0.4731 92E+Q7 O .lOOO uO E+0 1 


0.779991b+02 0 . 1 53245E + 0*t 0.433451fc + 05 0.509621E + C2 0.b47164E + 03 0.186723E+01 

XmtJ9ZD0TVOE'" 0.352 J30b + 02 - 0 . /ZZtT^'BTr + OO 0 , 238 1 b7E + 04 0.146150E + 03 0.225243E+08 

0.0 0.160106E+01 G.143675E+06 0.301641F+01 0.21327CE+07 0 .1 OCCJOE+0 1 

0. 180158t+08 0.182165E+08 C.lCOCGOE+01 0.450R50E+07 0.4731 92E+ 07 O. lOOOOO E+01 


0.799990F+02 0.160452E+04 0.4575bOE+05 0.495295E+02 0.b4012/E+03 0.190133E+01 

trn 079 6ZE + OB 0-.-368 460F+XZ =lT77a5IXFr+XT: 0T243'C9inrnj4 0.158529E + 03 0.225718E + 08 

0,0 0.169C01E+01 0,11G4;28E + 06 G. 335264E + CI 0.204336E + 07 O.lOOOOOE+01 

0 . Ib0383b+0a 0.1621b5E+08 O.lOoCGGt+Ol 0.453353E+07 0.4731 92E+07 O.ICOOOOE+Ol 


0.81999GE+02 C . lG798C(F+04 0.482276E + 05 0.4bl303E+02 0.62bl4CE + 03 0.193732E+01 

"Cr 1 0 67^ E+X 3 CTTE5 ZZ3 E+U2 -0.69 D'945F+ 00 DTZ4T92 1 E + 04 0.1704 69E + 03 0.226156E+08 

0.0 0.178O99E+01 C.765559E+05 G.371423b+Cl 0. 19 3863G+07 C.lCCOOOE+Ol 

0,1805901+08 0.1B2165E+08 O.lOCOOOfc+01 0.455660F+07 0.473192E+07 O.lOOOOOE+01 



TIME 

VRtL 


ALT 

GAMMA 

Ofl AR 

LOAD FACTOR 

— w 

VDor" ~ 


GOT 

VGRAV 

VDkG 

IHKUST 

alpha 

MACH 


LIFT 

RANGE 

DRAG 

THROTTLE 

THRUST 1 

VAC THRUST 1 


THHOllLt 1 

THRUST 2 

VAC THRUST 2 

THROTTLE 2 


0, 83VV‘jf0t+02 0.175864E+04 0,8078V8h + 0:> 0. ^676b3E -» 02 0.61 12 10E-«-03 0.1V7^65E*01 

DnD54"87E+0C 0 .402418e+'(J2 -0. 672920E + 00 C.252iS91E + C9 0.1818 78E + 03 0.226 556E+CB 

0.0 0.187309E+01 0.431671E + 05 0. ‘tl02UVE+01 0 . 182t>0ftE+07 O.IOOOOOE+Ol 

0. 180779L + C8 0.182165E+08 C. 1 OOOOOt +C 1 0.9S77fcliF + 07 0 .^731 92E*07 O.I COOOOE-t-O l 


0. 65998VE+02 

0.1 b4Cd6b+U4 

O,5'33527E + 0b 

0.^54390E+U2 

G.f>89b63E+03 

0.2G1246E+01 

T).TOA'250E+OF — 

0T4T9753F+F2' 

“0 *^5436 7E + 00 

0.257256F+0A 

0.192733E+03 

0.22b9l9E+06 

0.0 

0.196S23E+01 

0.114Ch7E+Cb 

0.Abl97A6+01 

C.1712C2E+07 

C.lOOOOOE+01 

0. 18C9i>lt+03 

C.182165E+08 

C.lOOOOGfc+01 

0.A59680E+07 

0.4731926+07 

O.lOOOQOE+01 


0. 8799bVt+02 

0.192636E+04 

O.S60062E+05 

0. 4414796+02 

0.563735E+03 

0.2050886+01 

'(7riT*3Cri2E+0'B 

C.O 

0. ieil03f+08 

“DT437T7C)E+0r' 

0.2C3639E+U1 

0.182165E+08 

-0. 6 3 72 03 
0.0 

O.IOOOOOE+Ol 

0. 261771E+C4 
0. A96605E+U1 
0. 4613966+07 

C.203005E+03 

0.159802E+07 

0.4731926+07 

0.227245E+08 

O.lCOOOOE^Ol 

O.lOOOOOE^Ol 

C. 6999a9L+02 

0.2C1S79E^04 

0.6572016+05 

0.S2890CIE + C2 

0.5314 66E+ 03 

0.209065E+01 

T3;T01775F+D^ 
C. 0 

0. iai242E+0ti 

0.21403LE+O1 

0.1U2165E+0b 

-G.6?C639ir+00 

0.0 

U.lOCOOOt+Oi 

0.266180E+0^ 
0. t)A4300E+01 
0.46291^E+07 

0.212675E+03 
0. 14759i>E + 07 
0.4731926+07 

0.227533E+08 

O.lOOOOOE+01 

O.lOOCOOE+01 


C.9l99ebE+02 0.210862E + 0A 0 .6 i<tV33E + OS 0 . A16666E+ 02 0.S007A8E+03 0.213C42E+01 

-O.-l 005 37F-F0-B 0 .4 7 3 0 9 8 E T 02 -0 . 60 i / W t + UO C . 2 70467E+"04 0.227787E+08 

0.0 0.222761E+01 0.0 0.89510AF+01 0.136012S+07 O.lOOOOOE+01 

G,1813b2k+08 0.102165E+OB C.lOOeCOE+Ol 0.H64251F+07 0.4731926+07 C.loOOOOE+01 


0. 939980E+02 

0.220503E+04 

0.4432^91-^05 

0. 404752E+ 02 

0.4707C0E+03 

0.217C46E+01 

0."992999E+0‘; 

"CT74Vl-G3Tr+Er2 

=07Tr86577E4irU 

CuT74 691E+04“ 

0.230C90E+03 

0.22b010E+0a 

0.0 

0.231 716E+01 

0.0 

C. 649 3 82 6+01 

0.124848F+07 

O.lOOOOOE+01 

0. 18l4^/t + 08 

C.182165E+08 

C.lOOCOOE+01 

0. 4654266+ C7 

0.473192E+07 

O.lOOOOOE+01 



B-16 


TIMP 

VKtL 

ALT 

GAMMA 

QE AR 

LUAD factor 

W 

ALPHA 
THRUST 1 

VT70T 

MACh 

VAC ThKUST 1 

CUT 

LIFT 

THKQTTLb 1 

VGRAV 
RANGE 
THRUST 2 

VDKG 

DRAG 

VAC THRUST 2 

THRUST 

THROTTLE 

throttle 2 

0* 9599 68Et02 

0 • 2 30 SO AE +04 

0.6721li8E+0S 

C. 393193E+02 

0.441500E+03 

0.221076E+01 

w^sxybZhE^ui — 
c. c 

0. lfalf)60fc+0ii 

— DT5TJHWTE'+ir2 
0.290923E+C1 
0.182165E+08 

-0.56v336t+CiO 

C . 0 

O.iooooot+oi 

6.2V8795E+09 

0.707016E+01 

0.A66457E+C7 

0.2376 796+-03 
0.114144E+07 
0.473192E+C7 

0.22b205E+0e 

O.IOOOOOE+-01 

O.lOOOOOE+01 

0. 9799h7E+02 

0 .290863E+0A 

C. 7016876 + 05 

0. 3819796+02 

0.413293E+03 

0.225131E+01 

"U. 968PA9E+X7 — 
0.0 

,0. 18164lt-i'08 

~DT526TT53r+012 

0.260911E+01 

0.182165E+08 

-0.S52097E^00 

0.0 

o.iooooot+oi 

0.2828CCE+04 

0.768209E+C1 

0.467360E+07 

0.245077E+03 

0.103953E+07 

0.473192E+07 

0.228377E+0B 

0.1GOC60E+01 

O.IOOOOOE+Ol 

C. 999987E+02 

0.251580E+04 

0.731761E+0S 

D.371103E-^C2 

0.396ieiE+03 

0.229174E+01 

■0r9!?5BTTF'ftr7- 

0.0 

C.1B1712E+C8 

0Vb44li01E"HF02 

0.260209B+01 

0,182165E+0e 

-0. b3A9A9E'+0'U 
0.0 

0.1000006+01 

0 . 288706 E +04 
0 . 833082E+01 
0.46314bE+07 

0.251716E+03 

0.9466326+06 

0.473192E+C7 

0.229526E+08 

O.lOOCOOE+01 

O.lCOOOOE+01 

0. 1019VJE+03 

0.262e5fcE+0‘» 

0.762400E+Ob 

0.3S057iE+02 

0.36C243E+C3 

0.233247E+C1 

■OrVJra^^TE-FCT" 

0.0 

C. 18177jfc+C8 

075^67559 E VO 2 

0.270393E+G1 
0.1B2 165E+C8 

• Si 8S8^E + Do 
0.0 

O,lDLOG0t+0l 

0 . 2905166+04 
0. 901755F+U1 
0.468ft35E+G7 

0.257H30E+03 

0.858951E+C6 

0.473192E+07 

0.2286576+06 

O.IOOOOOE+Ol 

O.lOOOOOE+01 

0. 103999f+03 

0 . 279C B7E+C9 

0.793^95*^+05 

0.350363E + C2 

0.335521E+03 

0.2373546+01 

“0TV3T124EVD7— 
0. 0 

0. 181827fc+0« 

U.SbGS59E + 0'2 — 

o.2eoa40fc+ci 
0. lL2l6bE+08 

-O.502929E+OU 

C.O 

O.lOOOOGfc' + Ol 

C.294232F+04 
C. V7435CE+01 
0.469432E+07 

0.263440E+03 

0.7764796+06 

0.473192E+07 

0.22877OE+0B 

0.1000006+01 

0.1000006+01 

0. 10599VE+L3 

0 .2fc?ib7dF + 09 

0. 8253-6 F+C 5 

G. 3404 7-1 E +02 

0.3120291+02 

0.241500t+01 

0. 0 

0, 161874t + 0« 

0';S9E4'8TE'+tr2 

0.291 VlU+01 
0.162l65£ + 0i3 

•^=CT9 8T5TTOE +TKr 
0.0 

0. lCOCOOE+01 

~D.'29T8TA'E+04 ■ 
0. 105C99E + 02 
0.4t99‘jlE + C7 

0 . 268 6 + 03 

0.699143E+06 
0.473192F+07 

DTTZS 8696+08 
G.1C0C006+01 
o.icnoooE +01 



£T-« 


TIME 

VREL 

alt 

GAMMA 

OBAR 

LOAD FACTOR 

‘ W 
ALPHA 
THRUST 1 

TTroni 

MACH 

VAC THRUST 1 

(JUT 

LIFT 

THROTTLE 1 

VGRAV 
RANGE 
THRUST 2 

VOKG 
OR AG 

VAC THRUST 2 

THRUST 
THROTTLE 
THROTTLE 2 

0, l079V*»E+03 

0.298026E+04 

0.bt76l2E+08 

0. 330V00E+C2 

0^289746F. + 03 

0.245644E+01 

0.yU63JS*fc+UV — 
0.0 

0. 18191^E+0b 

U.51630ib+CZ“" 

0.302983E+01 
0»l«2l65E + 08 

-C.47CT9Q6E+'Uu 

0.0 

O.lOOOOOL+01 

0.301388E+C4 
0. 113178E+02 
0.4‘/04a&E + G7 

0.273249E+03 

0.630902E+06 

0.473192E+07 

0.228954E+08 

O.lOOOOOE+01 

O.IOOOOOE+Ol 

0, 10999SE+03 

0.310527E+C9 

0.89C414E+0D 

C.321636E+C2 

0.26S615E+03 

0.249715E+01 

■D7B9‘flJ00K+Q7 — 
O.U 

0. 18l9Ayt+08 

0 .533’79IFR5’2~ 

0.3K623E + 01 
0.182165E+08 

-0.4!j8b94e + 00 
0.0 

O.lOOOOOE+01 

0^304829E+04 

0.1216d6E+02 

0.470790E+C7 

0.277569E+03 
0.578312E+06 
0.4731 92E+07 

0.22902a£+08 

O.lOOOOOE+01 

0*IOOOOOE+Ql 

0, 111999t+03 

0.323379E+04 

0.923729E + 0!> 

0. 312674E+02 

0^248632E+C3 

C.2l>3B52E+01 

'X)VBEl-525V^ — 
0*0 

0. 181979E+08 

DT55I3H¥Fror~ 

0.326501E+01 

0.182165E^08 

-0.44D66t)E + 00 
O.C 

O.lCOCOOE+01 

0.30813^»E + D4 
0. 130633E + 02 
C.471128E+07 

0.281479E+03 

0.529027E+06 

0.473192E+07 

0.229092E+08 

O.lOOOOOE+01 

O.IOOOOOE+Ol 

0. 113999F+03 

0.33658AE+04 

0.9875i46E + 0b 

0.304007E+0? 

0.228891E+03 

0*2^i8080E+01 

0,859Z5r0F+Tn 

0.0 

0. 132CC6E+08 

U.669.Cf6b+02'" 

0.338173E+01 

0.182165E+08 

-0.426Cv6e+C(3 

0.0 

O.lGOOOOb+01 

0.3114bSE+04 
0. 14C031E+C2 
0.4/142IE+07 

0.2e929CE+03 
0.481233E+06 
0.473192E+07 __ 

0.229148E+08 

0»1COOOOE+Ol 

O.lOOOOOE+01 

0, ll59yaE+03 

0.3»D146E+04 

G,991b:>4Ei-CS 

G. 2948278+02 

0.210341E+03 

0.2623U2E+01 

■D7556aT6F+07“ 

0.0 

0. 182028E+0U 

T3T5FrCT7E+C2~ 
0.3i)0046E-»01 
0.182 165E+06 

-0.4li9llb+0C 

O.U 

O.IOOC'OOE + Oi 

O.314843E+04 
0. 149b9ie+U2 
0.871673E+C7 

0.263709E+03 
0.4 367 60E + 0t» 

0. 4731_92E+07 

0.229i96E+08 

O.lOOOOOE+01 

O.lOOOOOE+01 

0. I17998fc+C3 

0 • 364C6VE '►0^ 

C • I C2664E+C6 

C.237527E+G? 

0.192944E+03 

0.266764E+01 

(r.“W«0TF»x:7 — 

c.o 

0. 182048E+08 

— 0TT05TT2 ETU2^ 
0.362 103E+01 
C.182165E+0S 

-•C5T39 £nrTZF-rOU 
0.0 

O.lGOOGOc+Ol 

C7mT75TJE+ 
C-.16022GE+0? 
0.471 890E+07 

0.291335E+03 

0.395493E+06 

0.473192E+07 

0.229237B+08 

0.1000‘)0E+01 

O.lOOOOOt+01 




Tine 

VRFA 

ALT 

gamma 

OB AR 

LOAD FACTOR 

w 

VODT 

bDT 

vgkav 

VDPG 

IHKUSI 

ALPHA 

MACH 

LIFT 

RAMG*" 

DRAG 

throttle 

THRUST 1 

VAC ThKUST 1 

IHKQTTLc 1 

thrust 2 

VAC THRUST 2 

THkOTTLe 2 

0. 1199986+03 

0.378 3^>5E^^04 

0.1061906+06 

0,2796VVF_+C2 

0. 1767C2E + 03 

0.271232E+C1 

0rS72I26E4 07" 

0, / 234206 + 02 

-O.J 846996+70 

0.32o777Fr(j4 

0,29A7^2E+03 

0.229272E+08 

0.0 

0.3743316+01 

U.O 

0.1710466+02 

C.3«>7322P + 06 

O.lOOOOOE+01 

0. 1820656+08 

0.1821656+08 

C. 1COC006+01 

0.472076E+07 

0.A731V2E+07 

O.lQOOOOE+01 


0. 12l998t+03 0.393007E + 04 0.1097626 + 06 0. 272 1 36F.+ 02 0.161557E + 03 0.275793E+01 

OrSl^TfrrF+'OT DT7'?l'B'6l6+02 -0.3716726+00 0. 3237296+04 0.2973876 + 03 0.2293036+08 

O.C 0.386 7226+01 C.C 0. 18236AE+02 0.322128E+06 O.lOOOOOE+01 

0.1820796+08 0 . 182 163E+0B 0.1000006+01 0.472236E+07 _ 0.^ 7319 2E+07 _ 0. 100 0006+01 


0, 1239986 + 03 

0 .4080306+04 

0,113379E+0fa 

0.2648296+02 

0.147490E+03 

0.280449E+01 

C;'B07376E+IT7 

Cr7T60 5026 +0"2 

-0.3590276+00 

0.3266076+04 

0.299S06E+03 

0.229329E+08 

O.U 

0. 3992686+01 

0.0 

C. 1941926 + 02 

0. 2901376+06 

O.IOOOUOE+Cl 

0,1820916+08 

0.1821656+06 

C. 1000006 + 01 

0.4723746+07 

0.473192E+07 

0.120000E+01 


0, 1259986+03 0.^23929E+0A 0.117039E + 06 0.267772E + 02 0 . 1 3^'t 67E+ 03 0.285204E+C1 

-OrT750XrZE+tn Trrr793&T¥Va2 -U.346762t + 00 0.329'411!= + 0'4 075^7019^+^ 0.229331E+08 

0.0 0.4119706 + 01 0.0 0.2065416 + 02 0.2613^*86 + 06 0.1000006+01 

0, 182102L+08 0.182 1656 + 08 0,1000006 + 01 C.472491E + C7 0.4731926 + 07 C.lOCCCiOE+Ol 


0.1279986+03 0,4392066+04 0.1207446+06 0.2509566+C2 0.1224526+03 0.290C73E+01 

■OrTB 2677 T+'Cr 7 0 . /98'4856+C'2‘ =UT3T4Ti 656 + 00 0. 3321466 + 04 0. 3040426+03 0.2293706+08 

0.0 0.4248336+01 0.0 0,2194236+02 0. 2351046+06 0.1000006+01 

0.1821116+08 0.1621656+08 0, 1000006+01 0.4725926+C7 0.4731926+07 0,1000006+01 


0. 129998^ + 03 0,4553696+04 0.1244906 + 06 0. 244374f= + C2 0.1114056 + 03 0.2950656+01 

- 0.-7Tt 2 42 E+ OT OvriTVO tyw^XTZ -C73-233 32E+C0 DTI^hTHTF+T? 0 .3058 ci96 + 03 0.229 3866+08 

C.O C. 4378716+01 O.O 0. 2328506+02 0.211239E+06 O.IOOCOOE+Ol 

0.1821196+08 0.1821656+Oa O.IOCOOOE+Ol 0,4726786+07 0.4731926+07 0,1000006+01 



TIME 

VREL 

ALT 

GAMMA 

QBAR 

LOAD FACTOR 

: 

1 

i 

i 

w 

ALPHA 
THRUST 1 

\mTJT 

MACH 

VAC THRUST 1 

GCT 

LIFT 

THROTTLE 

VGRAV 

RANGE 

1 THRUST 2 

VDRG 

DRAG 

VAC thrust 2 

thrust 
throttle 
throttle 2 


0, 131990E+03 

0.471924E+04 

0.12b279b+06 

0.23a019E+02 

0.101281E+03 

0.300 186E+01 

i 

o; 75787TETtr7 
0.0 

0. 182l25t+08 

0 .837636E+02 
0.461 109E+01 
0.182166E+O8 

i 2 1 1)2 E + 00 

0.0 

O.IOOOOOF+Ol 

0.337411E+O4 

C.246835E+02 

C.472752E+C7 

0.307576E+03 

0.189613E+06 

0.473192E+07 

0.229466E+CB 

C.IOCOOOE+Cl 

O.lOOOOOE+01 


0. 133VV8E+03 

0.4&8V00E+04 

0.132108E+06 

C.2318B0E+02 

0.9196 76E+02 

0.3000186+01 


0.‘7456'TBr^-U7 — 
0.0 

0*178117f»-0d 

0 • 8 7fc + o2 

0.^64411E+01 
0.1ti2165E+08 

“0 .30 18 U6t + O0 
0.0 

0.977963E+00 

0. 339946E+04 
0.2613866+02 
C. 4726166+07 

DT309113E+G3 

0.169978E+06 

0.473192E+C7 

0.225399E+C8 

0.982S05E+00 

O.lOOOOOE+01 


0. 135998E+03 

0.605636E+04 

0.135974E+06 

0.225943E+C2 

0.833892E+02 

0.300C15E+C1 

) 

0;733580T+^07 

0.0 

0. 1743 19 b+ 08 

U.8A3318E+02 

0.477667E+CI 

0.182165E+08 

-0.291976Ef00 

O.C 

C.9370a4E+00 

0. 34241 9E+ 04 
0. 2765C7E+02 
0.472869E+07 

0.310613E+03 

C.162154F+06 

0.473192E+07 

0.221606E+08 

0.965930E+00 

O.lOOOOOE+01 

H 

) 

0. 137998E+03 

0.522432E+04 

0.139b75F+06 

0.22019LF>C2 

0.755351E+02 

0*300C11E+01 


0. T217r>!rE»tr7 

C.G 

0. 170604t+08 

0 .846 291E+02 
0.490938E+01 
0.182166E+08 

-0.^826ilf +00 
0.0 

0.936662E+00 

0. 344o31E+04 
0.29220CE+02 
0.472916E+0? 

CTJ11786E+03 
0.136066E+06 
0.4731 92E+07 

0.217895E+08 

0.949718E+00 

O.lOOOOOE+01 


0. 1399938+0 3 

0.639 386E+C4 

C.143808E+06 

0.2146346+02 

0.6837916+02 

0*300008E+01 

' 

0 . 71X1T8 F+m 

0. 0 

0. 1669688+08 

0 .849 181E+02 
0.5C4?93E<‘01 
0.1ti?l65E+Cd 

-U.2 J6t + U0 

0.0 

0.9l66ait+00 

0. 347184E+04 
0. 3C8466E+02 
0. 4729546+07 

0.312943E+C3 

0.121613E+06 

0.473192E+07 

0,2142636+08 

0.933856E+00 

O.IOOOOOE+Ol 


C. 1419988+03 

C.5te> 398E+04 

C.147769E+06 

0.209245E+02 

0.6138f.4E+02 

0.30C004E+01 

; 

0 . 69S72Tt>C7 

0.0 

0. 1634C5t+Ce 

0.517820E+01 

0.182165E+08 

=CT7Tr5755F+Dir 

0.0 

0.897106E+&0 

0." 349480F+TW 
G. 3263006+02 
C.4729H8E+C7 

0.313992E+03 

0.106280E+G6 

0.4731926+07 

0.210704E+U8 

0.918317E+00 

O.lOOCOOE+01 



I 



TIMt 

VKEL 

ALT 

GAMMA 

OBAR 

LOAD FACTOR 

i 

\ 

w 

ALPHA 
7HKUST 1 

VODT 

MACH 

VAC THKUST 1 

GOT 

LIFT 

throttle 1 

VGRAV 
RANGE 
THRUST 2 

VDRG 
DR AG 

VAC thrust 2 

thrust 

THRUTTL6 
THRUTT-L6 2 

'{ 

0. 1^399tiE^G3 

C .573969E+C9 

0.1817588+06 

C.2C4021E+02 

0. 5601106 + 02 

0.300000E+01 

t 

“crr6B75riTrr+7y7 

0,0 

0. l^>99l5E-f03 

aTB W 72TETU2 

0.?>31622e + 0l 
0.18216t)E + 08 

“0 .25/l6l6 + 00 
0.0 

0.377934E+G0 

0.3817196+09 
0.392726E+02 
C. 9730176+07 

0.3149406+03 

0.9616616+05 

0.4731926+07 

0.207216E+C8 

0,9030986+00 

0.1000006+01 

/ 

0* 1A59V3E + 03 

0.b90b86E*09 

0.158769E+06 

0.198935E*i02 

0.5070t96+02 

0.2999976+01 

\ 

\ 

0* o fc>b00^+0 f 
0.0 

0*156497t+03 

0 .8!>73b0fc+l)2 
0 .b^5822E+01 
0.182 163E+08 

-0.249426t+0U 

0.0 

O.889l8?b+C0 

0.3839086+04 

0.36C7276+02 

C.9730426+C7 

0.3157956+03 
0. 8531226+05 
0. 4731926+07 

0.203a0lE^08 

0.888193E+00 

C.lGOCOOE^Ol 

j 

1 

i 

0. 1^799bE+03 

0.607759E+09 

0.159793E+06 

0. 194C41E+02 

0.4592996+02 

0.2999936+01 

I 

U,66557TE+in 

0.0 

0. 1531^tif + 0b 

0 .8t9964E+02 
0.560t-66E+0l 
0.1B2163E + 08 

-0.29 2C231+U(3 
0.0 

0.890768E+00 

0. 3860386+04 
0.3793C7E+G2 
0.4730636+07 

0.3165656+03 
0.7559136+05 
0.4731 92E+U7 

C. 2004546+08 
C. 8735946+00 
O.lOOOOOE+01 

B-20 



0. l^VVySE+OB 

0.624983E+09 

C. 163840E+06 

0. 1S9272E+02 

0.4185656+02 

0.2999906+01 

) 

f 

“07 6 5 5^0 4^ t +07 
0.0 

0. 149870E+08 

“DTB62 9aot+02 
0.S77557E+01 
0.182 165E+C8 

-0. 2399386+00 
0.0 

0.822760E+00 

0.3881 19E+04 
0. 3934896+02 
0. 4730816+07 

0. 3172606+03 
0.6719346+05 
0.4731926+07 

0.197178E+08 

0.859301E+00 

C.IOOOOOE+Ol 


0. 151998E+C3 

0.892257E+C9 

0. 1679C1E+C6 

C. 184641E+C? 

0.3817426+02 

0.2999866+01 

f 

1 

~0. 64^59TF+t)7 
0.0 

0. 146655E+03 

0 .869 9<:'8E + G2 
0 .‘i95 628E + !:;l 
0.1S2163E+03 

“U *24:i8i4lE +0 0 
0.0 

O.SG3106E+00 

G . 360 1 1 £ ♦ 0^ 
0.^1B216E+02 
0.^73G9?e+C7 

0.317H 876 + 03 
0.596192E+C8 
0.4731926+07 

0.193965E+b& 

0.8452886+00 

O.IOOOOOE+Ol 

J 

j 

/, 

0. 1539«»faF+C3 

0.6 89 a79E+09 

O.l7l973t+Oo 

0. 18014HEi-0? 

0.3475556+02 

0.2999a3E'»-01 

/ 

t 

i 

■'O^B343?1E+OT 

O.C 

0. 1935C1E>U8 

0'.6‘6/31iE*02 
0.614309E+01 
0.182 168E+00 

-T)72 2T6T9F+I70 
0.0 

C.78 r/b6E + 0C 

0. 362 1 34E + 04 
G.438S476+02 
0.473111E+07 

”0.3i848l6+C3' 

0.826742E+C5 

0,4731926+07 

0.1908126+08 

0.8315406+00 

0.1000006+01 



B-21 


s 

TIME 

VKEL 

ALT 

GAMMA 

QB AR 

LOAD FACTOR 



• “VDDT 

~&T5T 

VfiRAV 

VDRG 

THRUSI 

r 

ALPHii 

MACH 

LIFT 

RANGE 

DRAG 

THROTTLE 

\ 

ThRUSI 1 

VAC THRUST 1 

THROTTLE 1 

IHKUST 2 

VAC THRUST 2 

THROTTLE 2 

1 

1 

t 

\ 

C. 1559986+03 

0 .6769488 + 04 

0.176059E+06 

C. 17b774«E+02 

0.315847E+02 

0.299 980E+01 

t 


Mini 1 iiiniM 

■ illlllllllllM 

0. 3640696+04 

0.318956E+03 

0.1877196+08 

1 

0.0 

0.633600E+01 

0.0 

0.459464E+C2 

0. 4631496+05 

0.3130526+00 


0. 1404076+08 

0.182 165E+C8 

0.770?95t+00 

C.473123E+C7 

0.473192E+C7 

O.lOOOOOE+01 


J 

> 

] 0. 157998t+C3 0.694363E+04 C.lb0162F+06 0.171528E+02 0. 2864596+02 0.299976E+01 

. p_^_j.^ 2TCETC7 0.8718VIE+D2 =ir.2053Zat'+aO 0.365v5vE + 04 0.319407E+03 0.184634E+08 

0.0 0.653499E+01 C.O 0.480969E+02 0.405C20E+05 C.8C4817E+C0 

0.13737011+08 0.182165E+08 0.754121E + 00 0.473133E+07 0.473192E + 07 0.1G3000E+01 


0. 158387E+C3 0 .t.97757E+C4 0.180949E+06 0.170716E + 02 0.2809V8E+02 0.300000E+01 
Tirei^WarVOT 0;ff72'401ET01 -C.20U181E+00 O. 366321E+G4 0.319488E+03 ^ 84114fc+03 
0.0 0.657441E+01 0.0 0.4852056+02 0.394314E+05 0.8C2334E+00 
0. l36801h+06 0.182165E+08 0.750993E+00 0.4731 35E +07 0 .473192E+07 O.I COOOOE +OI 


0. 1583t7E+03 0.697757E+04 0.180949E+06 0.17071 5E+C2 0.2809986+02 0.9628656+00 

0;^B9T65F+T>7 CF.2 1708oE +( j2 h &.2 17H95E + 0 0 0.0 0.0 0.4 74942E+07 

0.0 0.657441E+01 O.C 0.485205E+02 0.394314E+05 O.IOOOOOE+Dl 

C.O 0.0 O.C C.O 0.0 0.0 


0.1600636+03 

0.7C1423E+04 

0.1843556+06 

0. 1670V2E+C2 

0.2b076bE+02 

0;4BT4'59FE07 

0T2'20463fc+U2 

—0 .ZlGBTbE+Oo 

C.l54f?4'9E + 02 

0.4061 585+00 

0.0 

0.664260E+01 

0.0 

0, 503541F+C2 

0.342198F+05 

0.0 

O.C 

C.O 

0.0 

0.0 


0.967318E+0C 
0.4 749506+07 
0.1<;0000E+01 _ 
0.0 


tXO-AlMOSPh^'KIC TRAJf^CTuRY 


TIMV 

i 

W 

VCR) 

VCl) 

GAMCR ) 
GAMC I ) 

ALT 

THETACR) 

RANGE 

QRAR 

T/W 

VURAG 

‘ - - alpha “ 

{ 

CD" " 





0» IbOOo.^ t ■♦■0 i 
i 0.4«74!>Vb + 07 

i -0.643633E+01 

0.701423E+04 

0.8?7763E+04 

0.185358E+00 

0.167072E+02 
0. 1404938+02 

0. 184355E+06 
C. 281440E+02 

0.503541E+02 

0.2507656+02 

0.974441E+00 

0.0 

0. 162063fc+03 

0.7C5782E+C4 

0.163678E+02 

C. 1883566+06 

0.525551E+02 

0.978527E+00 

: 0. A8i423E+07“ 

-0.664836F+01 

i 

0.832330E+04 

0.186050E+C0 

0.138250E+O2 

0. 2601626+02 

c*2i9ieoe+o2 

0.740648E+00 

j 0. 164063b-*-C3 

! 0.4833b8b+07 

0.710198E + 04 
0 .836447E+04 

0. 16C327E+C2 
0.135539E+02 

C. 192305E+06 
0. 278881E+02 

0.5477 346+02 
0.191725E+02 

0.982647E+00 

0.135302E+01 

~0» 6655 35 t+ 0 1 

0 « 1 86 r44t+0U 





W 0* 165674^+03 
Jj 0.481748^+07 
-0. 701884E+01 

D:T1379'8F+C4 — 
0 .840705E+04 
0.187316E+C0 

0';T5'765'4£TO'2 

C.133378E+C2 

0.1954 4 76 +06 
0,2778'.7E + C2 

0.56572SE+02 
0. 172214E+C2 

0.985992E+C0 
C.l 76351E+01 

f 

; 0. l6i>67^E+03 

0.71379et + 0 ‘t 

0.1?>76‘>9t + 02 

0.1954476+06 ■ 

C,S6S728Ei'02 

0.9 859936+00 

, 

; -0. ?oi88^fe+oi 

f 

0 2840705E+'04~ 
0 .187316E+00 

C • 1 3 3378E+C 2 

0. 27T847E+C2 

0. 172214E+02 

0.176351E+01 

0, 167674F + 03 
0.4747128+07 
' -0. 721762E+01 

( 

) 

1 

0.71B319E+C4 

0.345416E+04 

G.154385E+02 

0.13C725E+02 

G. 199298E + 06 
0. 276561 fc+C2 

C.58e?23E+02 

0.1508156+02 

0.9901776+00 

0.2182616+01 

0 .1 88 023E+00~‘ 





1 0."16967*. E+ CIS" 

i 0.477677L+07 

1 -0. 741191h+Cl 

0V772'B9'6T<^04 
0.850178E+04 
0.188 734E+00 

~0.T:; J 1 54t + 02 
C. 12H104E+02 

— DT7crr{r5^+'cr6 

0. 2752736+02 

' 0TS108 9TET?r2 
0.1321 326+02 

0.9943966+00 

0.2512376+01 



TIME 

W 


GAM(R) 
GAM( I ) 


ALT 

THETA tK» 


RANGE 

UBAR 


T/W 

VORAG 


V(R» 

V(I) 


■i 

* ACPHA 

"tlT 





i 

/■ 

)' 

0* 1716 /4fc + 03 
0. 475641t+07 
-0.76C172t+0l 

DTT2733ITE+U? 
0.8>»991E»04 
0.189 447E+00 

0. 147965E+02 
G.126514E+02 

0.206836E+C6 
0.2739f<3E + 02 

0.633733E+02 

0,115803E*02 

C.998651E+0C 

0.276334E+01 


0. 173674E+03 

0,732220E'*^C4 

0.144819E+02 

C.210623E+C6 

0,666756E+02 

0.100294E+01 

: 

-0. 778705F+01 

0.8WabbE+04 — 

0,1901‘>9E+00 

0.122966E+02 

0.272690E+C2 

0.101519E+02 

0.294471E*01 


0. 1756 74E+03 
0.471570E+07 

0.736967E+C4 

0.864770E+04 

0.141715E+C2 

0,12042aE+02 

C.2141t7E+06 

0.271394E+02 

0.67V961E+02 
0.8901 15E+01 

0.100727E+01 

0.306452E+01 


-Tr.“7967‘/3f+01 

0.190872t+00 — 





rr 

: K) 

; ^ 

0ri776^^E+03 — 
0.469534t+07 
-0.814436E+01 

0.869736E^C4 

0.191583E+00 

0.13&652E+02 

0.117932E+02 

Cr.2l7737E+D6 

0.270096E+02 

0.703330E+02 

0.7805S6E+01 

0.101164E+01 

0.312983E+01 


0.1796 /4t+03 

0.746 628E+04 

0.13b631E+02 

0.22126^F+G6 

0.726888E+02 

O.IC1604E+01 


C;A67499F+0T — 
-0. 831641E+01 

0 . 874T52t+04 " 

0.192291E+00 

0.n5467ETr? 

' 0.‘26S796e+62" 

0.684603E+01 

0.314684E+01 

'i 

) 

0. 181674E + 03 
0.465463E+07 

0.761 542E + 04 
0.879820E+C4 

0.l32f.blE + C2 
0.1 13G33E+C2 

0.22473aF+06 
0.26?‘tV3b + C2 

0.750624E+C2 
0.6004 75E»C1 

C.102048E+01 

0.312102F+01 

1 

1 

-0. 848412F+01 ‘ 

0.192995E+00 





i 

i 

! 

■'■Orr»36T4 E+03 

0.463427E+07 

-0.864743E+01 

0TT5<r5riFFC4: — 
0.e84933E*04 
0. 193694EfC0 

Tr.-T2'rrr3r+Ti7 — 
0.110630E+02 

■■0.728U/9FTU5" 
C.26M8 7P + 02 

DT774645F+02 

0.b267blE*0l 

0.1G2496E+01 

0.306718E+01 



1 TIME 

1 

V(R) 

V(l) 

GAM(R> 

GAM(I) 

ALT 

THETAIR) 

RANGE 

QRAR 

T/W 

VORAG 

’ ALPHA 

j 

CD 





, Orr836T2VEVO-J 

0,.A6l3V2e+07 
j -0,88C6t52t+01 

0. 761537E+04 ' 
0.8901081+09 
0 .194389E+00 

0.l28'8r4t+U’Z~ 

0.108256E+02 

0.231529E+06 

0.264879E+02 

0.798641E+02 

0.462105E+01 

0.1C2949E+01 

0.29b9b8E+01 

^ 0.18767^t+03 

0.766M8E + 04 

0.123957E+C2 

0.234845E+06 

0.822923E+02 

0,lC340bE+01 

: o;^5^3frftT^+Tr7“ 

; -0. 89612at+0l 

{ 

0.195076E+00 

?i;i0i>913fc + 02 

0.263!i)69E+02 

0.40b47l£+0l 

0.283197E+01 

0. l896 V‘«t+C3 
! 0.457321E+07 

0.771759E+04 
0 .900i>99E + 04 

0*l?ll39E+0? 

0.103b01E+02 

0 . 238110E + 06 
0.262257E+02 

0.847392E^*02 
0.3558ij3E + 01 

0.103865E-^01 

0.269837E-I-01 

-0^91117^^+01- 

t 

( 

1 

0T?4r397FfO(r 





j tf "0.191674E+03 ■ 
[ g 0.4i)b285B+07 
I -0.92b805t+01 

Cr.-776 94SE^734“ 
0.905921E+04 
0 .292179E+00 

O.T1636^E+C2 

C.IC1318E+C2 

0.241323E+06 

Q.260942E+0? 

0.872044E+02 

0.312380E+C1 

0.1C4329E+01 

0.2E8125E+01 

i 

i 

\ 0*l93674b+03 

0.782192E+04 

0.1 14624E+02 

C. 244484E+C6 

0.896884F+02 

0.104798E+01 

i C. 453249E+C7' 

-0* 9AC014E + 01 

C.911?93E+a4 

0.345283E+0U 

orQ^o^A'sr+o r 

0. 2b9626E + '02 

0.27A31AE+01 

0.2A7481E+01 

0, 195>67^t-*'03 
C.^312 14t>07 

0.787^92E+0A 

0.916716E-*-0^ 

0. 112926E+02 
0.96K412E+01 

C.247b93E+06 

0.258307E+02 

0.921916E+C2 

0.24099CE+01 

0.105270E+01 
0.237 502E+01 

-0.953805E+01 

" 0.400719E+00" 





0irl9T67Vt+t)3~ 
0.A4Vl7b£+07 
-C. 9671u2t+01 

0,7 92'S47'E"* 04 
0.922189E+04 
0.4f:8 4CbE + 00 

0.11026 7E+02 
0.9‘»6475L + C1 

U. 2^0649E+ 06 
0.2b6985E+02 

0.947140L+O2 

0.211332E+01 

0. 10574 7E +01 
0.227al5fc+0l 


TIrtF 

) w 

VCR) 
V(I ) 

GAM(R) 
GAM( I ) 

ALT 

THtTA(R) 

RANGE 

QBAK 

T/W 

VORAG 

> ALPHA' “ 

- ' -■ CD“ 





: 0n9WTTF>tr3 

D. 4471436+07 
' --0,9801496+01 

0-.7WZ5-6E+U2f — 

0 .927712E+CA 
0^519017E^00 

0rnJ7b47E + 02 
0.924829F+01 

0. 2536556+06 
0.2556626+02 

0.9725536+02 
0. 1863096+01 

0.106 2286+01 
0.2181156+01 

? 0*201674£+03 

0.803 7216+04 

0.10b065E+02 

0, 2i>6612E4C6 

0.9981 536+02 

0.1C6714E+01 

^ OTATTSrOTF+DT” 

i -0.992717E+01 

i 

! 

0 .9332676+04 
0.682 0216+00 

— 0:^9034686+01 

0.2i»4337E + 02 

0.1639716+01 

0. 2081546+01 

( 

■ 0.2036746+03 

0.4430716+07 

0.8 09 239E+04 
0.9389136+04 

0.1025216+02 

0.8823996+01 

0.2595176+06 

0.2530096+02 

0. 1023956*03 
0.1444 326+01 

0.1072046+01 

0.1977356+01 

-orroTr^rffFE+CE? 

; 

i 

0.6475296+OT) 





r Y "0 .20 5&74¥+ 03 — 
! ft 0,4410366+07 
j -0, 101664E+02 

DVST48 126+04“ 

0.9446896+04 

0.7155236+00 

071000166+^2 

0.S61617E+O1 

0.262371E+C6 

0,2516806+02 

0.104994E+C3 

0.1273456+01 

C.lti7699E+01 

0.186698E+01 

i 

1 

! 0,2076746+03 

0,8204396+04 

0. 9764826+01 

C. 265174E+C6 

0.1076 146+03 

0.1081V8E+01 

1 Oi 43900C6+07" ■ 

j -0.1028006+02 

r 

0 .-9303r56+U4 — 

0.7862O2E+C0 

C.-841TZ3F+0I 

0 • i:5(U^PE-*‘C2 

0 . n2404 £+01 

0. 1749246+01 

i C. 2C9674L+CJ 

\ 0*^3696ij£+07 

0.826 1216+04 
0.9660936*04 

C, 9511716+01 
0.82C9056+01 

0. 267S2H6+06 
0. 2490156+02 

0.1102526*03 

0.993251E+00 

0.1087026+01 

: -0.103897E+02 ‘ 

{ 

■■'0 . 8251076+00" 





0 ; 21 16 74 6+03 — 
0.434929E+07 
! -0.1049566+02 

•0";-B31'55663-D4 — 

0.9619216+04 
0 .8287816+00 

07977732 E+m 

C.8C09696+C1 

0. 5706336+06 
C. 2476796+02 

0.11291CE+03 
0.87b!>37E + o() 

0.109211E+C1 

0.146617E+01 


I 



9 z-a 


V (R) 

V (I ) 

■ co~ 


TIME 

w 

■ ALPHA 


GAM(R) 
GAM ( I J 



0.A3?893E+07 0.'ji67 800E+UA 0.73131*tE + 01 

-0. I0S976E+02 0.b32317E+00 


; 0.21567At+03 

i cmm^TTOT- 

! -0. 1069i.aE+02 


0.6A3490E+09 


0.B35721E+C0 


0,8b0AA9t+01 



0.Z17MAE+03 0.UA9338E+0A 0 . 8t>7393E+0 1 

0. A2U822F+07 0.979711E+U4 0.742822E+01 



0. 21967A E+C3 0 . 8 55 34 1 F+04' 0 .‘8 3509 5'E + 1 

0.A2678IE+07 0.9b57A5E+UA U.723983E+01 

-0. 108809E+02 0.8A2130E+00 


0.221679E+03 0 . 8hl i‘t7E + C9 C,812V49E+01 

- ■ 0.92A751F;+07 0.991F29F+04" - 0.705415E+01 

-0. 109679E+C2 0.845139E+00 


C.223679E + C3 0 . 867^»08E+C9 Li.7‘/H51E^Gl 

0.922715E+U7 O.V97V69fc+09 0.68V114E+01 

-0. 110513E+O2 o,e9ec2oe+oo 


i 0-.-Z256T4 E+03 0 V8 73573FF04 CT.T59'70Tr+01 — 

1 0.42C6bl3E+0 7 0 . 1C0915E+C5 C ,669Cb lE-*-0 1 

i ~C. 111318E+02 0.650 772E+00 


ALT 

THETA (K) 


RA*^GE 

U 8 AK 


T/W 

VORAG 


0.2732b7E+G6 0.115589E+03 0.109724E+01 

0.2963A2E+02 0 .7748 95E+00 0.128915E+01 


« 

C.275892E+06 0.118287E+03 0,110243E+01 


t.678955E+00 


0.1C8 9l7E-*-01 


0.27bAA9E+G6 . 0.121G06E+03 0.110766E+01 

0.2A3662E+02 0.596594E+00 0.868314E+00 


■0,2809560+06 ' 0.1237 49E+03' 0,111294£*0l 

0.2A2319E+02 0.525599F+00 0.629110E+00 


0.283418E+C6 0. 1265036+03 0.lll827E+qi 

■C724tr979E + 02 0.4643aTE+00 0.37'37 32E+00 


0.285930E+06 0.12V283E+03 0.112366E+0I 

0. 239621'E + 02 0.911925E+00 0.109C36E+00 


0T7H¥T‘/2F+I7£; 0. 1 320 84E+C3 0.112909E+01 

C.23828GE+C? 0,36b541E+00 -C,178386E+00 




time ViR) &AMIR) alt range T/W 

W V<1) GAM(I) THETA<R) QBAk VORAG 

■ — ALPHA CD ■: 


■Or22T6T2rF+U'3 0,b79 692E + 04 Cr774Bi>92E + 01 0.29050CE + C6 0.134905E+03 0,1 13458E+01 

0.4l8644E-»-07 0.1G1039E+05 0.651 309E + C 1 0. 236931t+02 0.325646E+00 -0,472 172E+00 

0, 112071E+02 0.853401E+00 


I 0.229674E+03 0,865916E+04 0.727824E+01 0.29?775E^06 O.137748E+03 0.114D13E+01 

) Of4T6509^Cr7 0.101668E+05 0.633ti01t+Cl 0. 2355t9E-*-02 0,2909C1E+00 -0.776 153E+00 

' -0. 112797E+02 0.B559C5E+C0 

i 

j 

i 0.231674E+03 0.892193E+04 0,707389E+01 0.294996E+06 0, 140ollE+03 0.114572E+01 

i C.414573E+07 0.1L2302E+C5 0.6lb550E+01 0.234227E+C2 0.260558E+00 -O.l 08932E+CI 

J =Oni 34 8^E+Tr2 'OTBTHTB'ffETOO 


0.233674E+03 '' 0,698 5241E+04 " 0'.6aV29oT*0“i 0, 29716 jE+'06 ' 0.143496E+03' 0.115137E+01 

0,41253ar*07 0.102941E+05 0,599558E-»01 0.232873E + 02 0.231916E + 00 -0.141107E+01 

-0. 114144E+02 0.860548E+00 


; 0.235674E+03 0.90491CE+04 C,66y516E+Cl C.299295E+C6 0.1464C2E+03 0.115708E+01 

: ~ 0.4105G2F+C7 0.1C3586E + 05 C'.582819EVo 1 ' 0. 231 5 17E+C 2 " 0i207b01E + dG -0.1 74086£*6i 

I -0. 114766F+02 C.862690E+00 


; 0.2376 79E + C3 0 .9 11 3;>2E + C4 G.64ftC69E+0 1 0.30137AE + C6 0.149330E+03 0.116235E+01 

f 0,408467t+C7 0.1C4236E + 05 0.566334E+01 0.2i01o0E + C2 0 . 1855 34EA-00 -0.207790E+01 

5 — --0.115353r+02 0.564714E+00 ' 


I Tr.“2396T4E+'C3 a793T847E+T)4 0 . 3C340." E +06 0. 152280E+03 O.l 16867E+01 

] 0.40643U+07 0.1C4o91E+u5 C.350IG0E+01 0.22b8C2t + C2 0.166y63E+00 -0.242 152J:+0l 

j -0.1159081+02 0.866621E+CO 



TlMb 

W 

< < 
•- yo 

GAM(R) 
GAM(1 » 

ALT 

THETA(R) 

RANGE 

Q8AR 

T/W 

VORAG 

» 

ALPHA 

C0“"' 





! 

1 

1 

! 

0.40^396b+C7 
-0. llb't^at+OZ 

0.924 396E+04 
0.1C&551E+05 
0.8684136+00 

0.6lui44E+0l 

0.534118E+01 

0.3C6393E+0b 

C.227443E+02 

0.165252E+03 

0.150846E+CO 

0.1174556+01 

-0.277112E+01 

1 

0,2^ib74f+D3 

0.931001E+D4 

0.591663E+01 

0.307335E+06 

0. 158246E+03 

0.118049E+01 

i 

! 

''Ur5D23HrETD7 

-0* 116917E+D2 

0, 10621 6b +06 
0.870C92E+C0 

C.51 S379E+01 

0.2260826+02 

0.136787E+G0 

-0.312621E+01 

1 

I 

0, 24 56 74E + 0J 
0.40032bb+07 

0.937661E+G4 

0.1068876+06 

C.673478E+01 
0. 6028866+01 

0.3092J0F+06 
0. 224720E+02 

0.161261E+03 

0.124601E+CO 

0. 11864 9E + 01 
-0 .3986376+01 


-oniTrrzEfTJT 

U.B 7163 /b+OU 





t 

CD 

- '0, Z476T4TF+03 ' 

0. 3982a9fc+07 
-0, 1177966+02 

" 0".9A4376E'+(JA’ “ 
0.1C7b63E+u5 
O.S73114E+00 

■ '0.556bl0r+01 

0.4876356+01 

■~0r3'n080ET0b 

0.2233576+02 

0.1642996+03 

0.113719E+00 

0.119256E-f01 

-0^3U5126Ei*01 


0. 24967At + 03 

0.961 146E+04 

0. 53eC47£+01 

0. 312886E+C6 

0.167359E+C3 

0.119868E+01 


" O* 3962 54F+OT~■ 
-0.1lal8bt+02 

— D.rCB24^5FiHI5'~ 
0 .874461E+G0 

0247262 JE+OT' 

0.22ni93E + C2 

0, i042 28P+'00 

-0.422057E+01 


0. 2bl67'»t+03 
0. 394218t+07 
-0; llS643t‘+02 

0.9bV973E40A 

0.108932E^0!? 

0.520788E+01 

0,4578516+01 

0. 314646E+06 
0. 220627E+02 

0.170441E+03 

0,9586236-01 

0.1204B7E-^01 


-■ 0. R7?699F+00“ 






— Ov'Zb 3 6 74 f + 0^3 

C. 3921b3‘^ + 07 
-0, lia8 7.ir+02 

'0t 964 H5r4tT04 
0 . 109<.24E+0 d 
0.876 832 E+CO 

CV50 E^tnr 

U.443312h+0 1 

0V3J6'3636 + CS 
U. 2192616+02 

0.1 /36476+C3 
0.684i60E-Cl 

0.121112E+01 

-0.4971466+01 




TIME 

H 

V(R) 

vm 

GAM(R) 

GAMd) 

ALT 

THETA (H) 

RANGE 

QBAR 

T/W 

VDRAG 


“AtPHA •' 

" UD ‘ 





i 

0,2^bb /4b+0 J 
0. 39C147E+0K 
-0. 11917BE+02 

O.VYl /Vlfc + CH 
0.110322E+05 
0*877860E+C0 

G.437162E+01 

0.429U12E+01 

C*313035E+06 

C.21739^E+02 

0. 176675E+03 
0.8185616-01 

0.1217446+01 

-0.535264E+01 

1 

i 

0.25 767'»t>03 

0,978 7d4E-*-04 

0.‘»70791E + 0l 

0. 319662E+06 

0.179626E+C3 

0.122382E+01 

J 

i 

) 

1 

-0. 119447E+02 

0.111C?SE+CS) 

0.8787d2E+00 

CI.414942E+01 

0,2165266+02 

0.760021E-01 

-0.573741E+01 

*jl 

i 

1 

0.259674F+03 

0.386076E+07 

0 .985834E+04 
0.111 733E+05 

0.484710E+01 

0.401102E+01 

0. 321247E+06 
0.2151876+02 

0.183001E+03 

0.707773E-G1 

0.123027E+01 

-0.612565F+01 


■=TjriT96¥5FfTrZ 

— 0;879«0"4F+(J13 





ly 
j ^ 
i ^ 

•■0.-261674E+D-3 “ 
0. 384C41b+07 
-0.119895E+02 

- -0 .'992440E+04 

0.1 12447E + 05 
0.880 323E+CC 

0'.~4y8 9 1 7E ♦ OT 
0.3874928+01 

0^32^78 /r-TolS“: 
C. 2137876+02 

0,1861995+03 

0.661094F-01 

0.123679E+01 

-0.651725E+01 

1 

0.263674E+03 

O.lOOGlOE+03 

0»h2 3^uSE+01 

0. 3242855+06 

0.109920E+03 

0.12433SE+01 

i 

{ 

“0.'382005E+07 

-0. 12CC7ISE+02 

" 0'.113T67E+05 

0.b80942E+CC 

C.3?4Tl0c + C"i 

0,2124i7E+C2 

0.619'27CE-01 

-C.691209E+01 


0. 2656Y4<^+03 
0. 3799706+07 

C.1U0 732E+05 
0,113892E+08 

0.4C8177E+01 

0»iC)C)9^8t+01 

0. 32574CE + Ct. 
0.2110^66+02 

0.192665E+U3 

0.5316916-01 

0.125004E+01 

-0.731011E+01 

! 

-0. 120223E+02 

0.331463E+C0 ■' 






0V26?674T+Cr3- 
0. 377934E+07 
-0, 1203t2E+02 

0Trcr46CrFTai5 — 
0.114622E+C5 
0.881 b87E+0fl 

■0T39 3226E+01 
0.348011C+01 

orBirnsi'ETu?; 
0. 2096746+02 

0.195934E+C3 
0. 547908E-01 

0.125677E+01 

-G.Y71122E+01 



< TIME 

\ w 

1 ALPHA 

i 

i 

V(K) 

V(i» 

■ CD 

GAM(R) 
OAMd ) 

ALT 

ThFTA(P ) 

Range 

yBAR 

T/W 

VDRAG 

j 0. 2696 r4E+C3 

0 . 1 G7l93b+'D5 

17,3785536+01 

0. 328521E+06 

0.1992276+03 

0.126358E+01 

j 0. 375399b+07 

0.115358E+05 

0.335298E+01 

0.208302E+02 

0.bl6858E-01 

-C.811538E+01 

I -0. 120447C+02 

0.882212E+G0 






0.27161^fc+03 0.102V32E+05 

■D;i738‘(frJF+tr7 ori l'6'lD'DF-fD5 

0 . 1205 l<v '^+02 0 . 862 A-=»^E + 00 


0.2736 Kb+03 0.1036Y7E + 05 

0.37182Ut+C7 0.116b^8E+Cb 

-0rr2 0 5 5 5F+ 02 DTF8231i3F+£3ir 


0,364lb3E + 01 0. 3298^fiE + G6 0.202SAAEi-03 0.127046E+01 

1J732280^E+CI 0, 206929E+0? 0.987697E-01 -0.852256E+01 


0.3t;Ci017E'*-01 0.331139E+06 0.20*i885E + 03 0.127791E+01 

<■ .31Gb29E-*-01 0. 20b8b6E*02 0.96lb03£-01 -0,89327^E-»01 


■ t). 275674F+03" CT,1 C4'428F+U5 'Cr;'33'£T4^t + (5"l 0. 33237VE + 06 0.209251fc + 03 0.128994E+01 

: u 0.36y7V2h + 07 0.117601E+05 0,29848yE-*-01 0.209183E + 02 0. 4379856-01 -0.9345876+01 

i -0. 120568E+02 0.882fj29E + 00 


0.277674t+03 
0.367757E+07 
0. 12C65bt.+C2 


0.l05184t + 05 0,322596E+C1 0,3335826 + 06 0.2l_2^42^C3 0.129155 E + 01 

O'.l 18360E + 05' ~ ■ 0.25J66C9E+01' Oi 2028'0'9F + C2 0.4l’6e22E-br -0.976 192E+0r 

0 .ab?5a36+G0 


0.2796/4F+03 0.105946E+05 0. 309204 fc +G 1 0.334793E+06 0.216057E+03 0.129873E+01 

0.365721F+0Y 0 , 1 19 llWE + GS U.274971E + 01 0.201435E + 02 0.397761E-C1 -0,1018096+02 

--0.-1205156+02 “ ' 0 .88244TE+00 


-0r2816r4-6+03 ari-C67T5FfTr5 CIZTol 2 1 b+'O I CT335'865E + 0"6 OTZl 9498E+ C3 OV 130 6006 VH' 

0,363686t+07 0.119895E+05 G, 26354^6+01 0.200061E+02 0.380558E-U1 -0 . 1 06027F+02 

-0.120449b+02 0.882221E+00 



I 

f 


i — 

i 

) 

TIME 

VCR) 

GAM(R) 

ALT 

RANGE 

T/W 

J 

w 

vm 

GAM(I) 

THETA(R) 

Q8AR 

VDRAG 

i 

TaPHA 

XT) 






i 

I 


j 022836 746+03 

1 0. 361650E+07 

> -0. 1203586+02 

0-.1074H9E+05 

0. 1206716+05 
0.8819096+00 

CT7F12WE+0T 

0.2523216+01 

a.335947E+C)5 — 

0. 1986876+02 

0.222‘3f63E+03 

0.365013E-01 

0.1313356+01 

-0.1102736+02 

1 ' 

> 0.285674E+03 

0.108269E+05 

0.270/096+01 

0.3379896+06 

0.226454E+03 

0.132C78F+01 

; 0, 359515F+07 

i -0, 120242E+02 

u . I zi458E+U8 
0.881510E+00 




-0*llAi)49E^02 


) 0.237674E+0 3 0 . 1 09055E+0ii 0.258382E + 01 0.333991F+06 C.229971E+03 0.132830F+01 

0,357579fc+07 0.122241E+05 0.230496E+01 0, 195939E+02 0.333283E-01 -0.1188528+02 

i = 0. 12Gli;i 'P +C;2 0.88iC2fcE + U0 


j~a““^0,"2S9674E+03 tT."rC9TIWE+05 “ (T. 0. 3T9^53E+“06 ' 0.233513F+03 0.133590E+01 

I i» 0.3555A4E+C7 0.123C35E+C5 C,2l98b8E+0l 0.1945656+02 0.326928E-01 -O.l 23194E+02 

; *^-0. 1199356+02 0.880456E+00 


0,2916746+03 0.U0646E + C5 0.234464E + 01 0. 3->0877E + 06 0. 2370816+03 0.1343596+01 

0. 353508 t+OT :-Q-. 1 238356 +05 OO2094H7E+O1 0-.“193T9TE+'02 DT3T54 TTF-OI ^^12754 5^FT07 

-0.119744E+02 0.8798036+00 


0.2936746+03 0.111450t+05 0.2226696+01 0.341762E+C6 0 .2406756+03 0.135137E+01 

0.3514736+07 0.124691E+C5 0.1992746+01 0,1918176+02 0.307136E-C1 -0.1319346+02 

•C. 11953CE+C2 -0.879C69E+OC 


— Oi'29 5 6 746+ C3 0-onZ26^-+O5 CT.21 15766+OT: OV342609c+lD'6 0 ,"2^¥2 95F+U3 0.13592^E+Ol 

0.349437r+0? 0.125453E+U5 0.189266E+01 0.1904446+02 0.298729E-01 -0. I 36352E+02 

-0. 1192V2E+02 0.S78253E+G0 


1 TIME 

1 W 

V(RI 

vm 

OaM(R 1 
GAM(l) 

ALT 

THETA(R) 

RANGE 

QBAR 

T/W 

VDRAG 

ALPHA 

X 

} 

CO 





TO* 2^ /b /^c+0 J 
! 0.347402f+07 

-0. 119031 E>02 

0.11307faE+0b 
0.126271E+05 
0.877 366^+00 

“Ti.20C3'J8£+0l 

0.179953E+01 

0.34341KE+06 

0.189071E+C2 

0.247942E+03 

0.291163E-01 

0.136720E+01 

-0.140798E+02 

i G.299674L+C3 

0.113901L+C5 

0.189616E+01 

0.34418fcE+06 

0.261616E+03 

0.137626E+01 

; 0;3^'»53B6T4 07 " 

-0. 1187A7F*02 

u . t2/U9bt+0b 
0.876380E+00 

0.16983bE+Ol 

0. 1&7698E+02 

0.2t5A3b2E-01 

“0.146273E+02 

0. 301b74h+03 
0.343331E+0? 

0.114730b+0& 

0.127V26E^03 

0.178664E+01 

0.160410E+01 

0.344922E+06 
0* 166326E+02 

0.255316E+03 

0.278316E-01 

0.138341E+01 

-0.149778E+02 

, -oriTSA ^nonR 0*2“ 

0 • b 7i> 32 7 E +00 





C.303674E+C3 
ii 0.341295E + 07 
^ -O. ll81llE+0^ 

0 • 1 T5 5 iS^SE~+ 0 S 
0.12b/62E + 03 
0*874195E+00 

0.168444E+01 

0.1bll76£+01 

0. 346619E+C6 
C. 18‘t95t»E + C2 

0.259043E+03 

0.272921E-CI 

0.139166E+01 

-0.164311E+02 

0.305674t+03 

0.1 16*.0bE+0b 

“ ■ 0.129606E+C5 

0.a729a‘>E+00 

0. 168247E+C1 

C. 346281E+C6 

0.262797E+U3 

0.140001E+01 

C* 3392b0E'i-0 7 
-C. 117760E+02 

” C . 1 4 ? 130 F+0 T 

"C718T58'4E+02 

■ “D.>6S140E'01 

-0.i68874E+02 

0,3C767^F+03 
0. 337224E+07 
, ‘ -0. 117366E+C2 

0,.li7257E + 0t> 
0*1 30435E+05 
0.8717G7E+00 

0.14e280£+01 

C.133275t+01 

C. 34690^E+06 
C. 192214E+02 

0,2666800+03 

0.263960E-01 

0.140846E +01 
-0.163466E+02 

0* 3C96'79Tr'*03 
0. 335139E+C7 
-0. 116992E+02 

0 • 1 Iti 1 12E + 0!> 
0.131311E+05 
C.87G331E+C0 

O.OB373r+OT~ 
0. 1246C6E+01 

(rrT4T4‘9'2FrC6 
0. ie.0846E + C2 

~FT2 703 89 f+Cl 
0.260321E-G1 

0.141701E+01 

-0.168C88F+U2 


€C-tt 


time V(K) 6AM(ft) 

W V(I) GAM(l) 

ALPHA CD““ ' 


0.333l^3e+07 
-0, 116576E+02 


0.132173E+05 
0. 368 9225 +00 


0.129C08E+01 

U.116122E+01 


i 0. 31367AE+03 


0,1196A1E+05 


0.119VCIE+01 


-0. 116U0F+02 


0.867A20E+00 


0.31567AL+C3 0,1207l6E+05 0. 1 106 lCE+0 1 

0* 3290825+07 0*1339lBE + 0b C«9970t>A5+00 

I =U7T1 DT86?&4TE'+Ct3 


• 0.3176 74E+C3 ~ ~ 0". l2Tb9'8F+c:5 0. 101735E + 0 I 

0.3270975+07 0. 139o00E + 0i> 0.917707E+00 

“0. llb20b5+0? 0.669209E+00 


0.3196795+03 0.122986E+0b 0. 9307185+00 

0.3250115+07 “0".13568'8E + 06 0.8901515 + 00 ” 

-0. 11h7085+C)2 0.8629925+00 


0.3216795+C3 0.1233815+05 0.8961605+00 

0.3229 /65+07 0.1365895+05 0.7693595+00 

-0. 119191E+02' ■ ~0.8607irE+CT0 


r CT.-3236-795 + 03- 

• • 0. 3209915+07 

-0. 1136555+02 


'0-n"Z'97F3rKr5“" 


0,137936E+C5 0.69G3395+0G 


0.858C63E+00 


ALT 

THETAJk) 


RANRF: T/W 

QBAK VDRAR 


0.3980955+06 0.279227E+03 0.192567E+01 

0.179977E+02 0.257196E-01 -0.1 72790E+02 


0. 39«5b2E + C6 0.2780925 + 03 0.193993E+01 

0. 1781105+02 0.259568E-01 -0.177923E+02 


0.399C95E+C6 0,2819a6E+03 0.199330E+01 

0. 176799E + 02 0.2529096-0(1 -0 . 1 021 365*02 


0. 3999'9 35 + 06 0.2859085+03' ' 0.195228E+01 

C.175379E+02 0.2506995-01 -0,Hj6880E+02 


0. 3999C)7E + 06 0.2898595 + 03 0.1961375+01 

C. 17901 !jE'+ 02 0.29'9'9 18'5-Cr ' '-0.1916555+62 


0.3502875+06 0.2938395+03 0.1970585+01 

0.1726535+G2 0.2935985-01 -0.1969615+02 


0. 1 7129 J5+0: 


0.2978975+03 

0.2980835-01 


0.1979915+01 
-0.201 2995+02 





TiMb 

W 

< < 
HN ^ 

(^AM(R) 
GAM( 1 ) 

ALT 

THtTA(K) 

RANGE 

QBAR 

T/W 

VURAG 


ALPHA 

CD 






0» 3<l' 56 /4J- + 03 
0. 31890*>F+07 
-0. 113C99fc+02 

DTl2bl92b+05“ 
0.138 396F+05 
0.856V47E+00 

0»h83273E + (jiC 
0.61UOU3E+00 

0. 3809A9E+06 
0, 169932E+G2 

0.301866E+03 

0.2A8017b-0l 

0.14b935E+01 
-0.206 169L+02 


0. 3276 7^ c+ 0 3 

0.126107E+06 

0.60490bE+00 

0,3i)123lE + Co 

0.30b963E+03 

0.149892E*01 


C« 31 6b /0P + 0 ? 
-0, 112525L*h02 

CT7T393'12E + 05"" 
0 .864967E+C0 

0.5A75'6ab + OO 

0, 16867HE+02 

0,?4Q33eE-01 

^0.2ll07lE+02 


0. 329679E+03 
0. 314839E+07 

0. 127U30E+05 
0.1^0235E+05 

0.62bbti5E + 00 
0.978785E+00 

C,3:)lA81E + 06 
0. 167218E+C2 

0.3l00b0E+03 

0,299038E-G1 

0.160861E+01 

-0.216006F+02 


— 0. 1 n 9 32 c*'02 

0 .S62921E+00 





B-34 

Qi"33r6T4E+ 03 
0. 3127v9f.+ 0 7 

“0. ni321F+02 

0 . 1 2 ^ 960b + 0b 
O.l4li65E+0b 
0.eb0dl2E+00 

C'.^'419'9E"+0'Q 
C/.911712E + 00 

C.361TC0E+C6 
0. l6B863E + i)2 

0.314177E+C3 

0.260120E-C1 

0.151B42E+01 
-0.2 20 97 3E+02 


0. 333679b+03 

0 . 128B9BE+-06 

0.3Slfa66b+C0 

0. 3tl886E+06 

0.31833bt+03 

0.162b37E+01 


0* 31 0763 E+ 07 
-0. 110692b + 02 

■ 0.l421G3F+05‘’ 
0.868628E+00 

0.396372E+00 

0. 1646“10E+02“ 

0.2bl588E-01 

-0.225974E+02 

1 

r 

L 

0. 335674E+03 
0. 30872bt+07 

0.129842Ei'05 

0.l43046E+0b 

0.31 1A69E+0D 
C.282702E+00 

0. 3b2092E+C6 
C • 163 1^? E + C? 

0.3226^r3E + C3 
C.263A25E-C1 

0.163b44F-ft01 

-C.231009Ef02 


"-0. 110045?= + OZ' ' 

O '. 8464D3E + 30'“ 






33t6 /4E+Ct 3 
0,30h692fc+C7 
-0. 10938ot+C2 

Cr. l'jJC 

Cl, l*t3 999E+06 
0.fcA6 106E+00 

U.2A.l(J28t + 00 
0.??C7Alt+C0 

0 « 3 S ^ 1 ft 7V + 0 6 
0. 161811E + C2 

0, 32b/‘«2E+03 
0.2b56b6E-01 

U71 64b65E+0l 
-0.236078E+02 



TIMh 

W 

V(H) 
V (I) 

GAM(R) 
GAM(i ) 

Air 

THbTA(k) 

RANGE 

QBAR 

T/W 

VDRAG 

AL A 

cu 





U. ii'ib 

0, 304657C+07 
-0. 108699fc+C2 

0 . 1 31753Et-05 
0.144959t+05 
0.841749E+00 

0.176520E+00 

C.160439E+00 

0.3522h3E+06 
0. 160464b + G2 

0.330991E+03 

0.258263F-01 

0.155900E+01 

-0.241181E+02 

0.341674E+03 

0.132720E+05 

0.111919E+00 

0. 35232bE+06 

0.335272E+03 

0ai)6948E+0l 

0* 3026i;2F+07 
-0. 108000E+02 

d • 1 V?6E + 05 
0.83SI332E + 00 

0.101790E+00 

0.159120E+02 

0.261263E-01 

-0,246319E+02 

0. 393679F+03 
0.30038bt+07 

0.133694E+05 
O.U6900E + 05 

0.492218E-01 

0.447969E-01 

0. 352365E+06 
0. 157777E + 02 

0.339584E+03 

0.2b4655E-01 

0.158011F+01 

-0.251492F+02 

“0. lOY2tl!3b+u2 

O.8366b5e+O0 





r ’ Oi 3A 567A E+ 03~ 
, 0. 2985:iU: + 07 
'-0. 10655^ E+02 

0»I34676E+05 

0.147882E+05 

0.b34320E+C0 

■■"-ovn 5VC3E-0T 

-0,l05553t-0l 

0. 3b2373E+0is 
0. lb643SE+02 

0. 343929E+03 
0.268457E-01 

0.1i>908 8E-^0i 
-0.286700E+02 

0. 39767^E + 03 

0.135666E+C5 

-0.7G5376E-C1 

0.3b23i>3E + C6 

C.3483Ci>E+C3 

0.160180E+01 

0;'296515!T+!i7' 
-0. 1058Dt.E+02 

0".143H71T+05"“ 

0 .831 72 bF +00 

~-0.'64'2'8-o5£-C 1 

O.Vj 1 >Uj 6 E ^62 

0.272676E-G1 

-0.261945E+02 

0. 39967-^E+03 
0. 294980b+07 

G. 136663h-**Gl> 
0. 1^9b69E+0f> 

-0. 127638E+C0 
-0.11o391E+UG 

0. 3‘>23G5E + 06 
C. It>37b6£ + C2 

0.3527 13b+03 
0.277319E-01 

0.161287E+01 
-0.2ft7225£+G2 _ 

-0,105042 r+ 02 

0;e29C79E400 ■ 





~t>r351674E+0'3~ 
0.292445E+07 
-0, 104262F+02 

aTr37B5FE"-FD5 — 

0.1i>0d7Afc + U5 
d.826374F^OO 

~O.T82'B90F+UTT 
-C. 1668b3b+C0 

Trr5T2229£TUtr 
0. lt.243‘tE + G? 

2173571 53E + 03 
0.2824 13E-C1 

0.162409E+01 

-0.272542E+02 


9€-« 


TIMt V(R) 6AM(R) ALT RANGb T/W 

W V(l) GAM(l) THhTA(k) QBAR VOKAG 

ALPHA CD" 


0, 3‘>367^T ‘ * 03 OTOBTTffTFRTS =TT7Zjrj^r9TTTTu 0.Si>212UE+0e 0.361626E+03 0.163*>48E+01 

0. 2404C9t+07 0 . 1 31 U37E+C5 -0.215800E+00 0. 1‘>1 104E + 02 0.287945E-01 -0.277897E+02 

-0. 10346SE+02 0.823615E+00 


0.353679E+03 0.139 703E+05 -C, 2879798 + 00 0.351999F+C6 0 . 3(S61 33E + 03 0.1ft47026+01 

“0. 28ff3T4Tf'Cr7 0 . 1 32909E+03 -C.283109E+0l> 0, 149778E + 02 0.2939 69E-01 -0,2 83288E+02 

-0,1026576+02 0,8208006+00 


0, 35767*tt + 03 0.1907336+05 -0.3378336 + 00 0.351846E + 06 0.3706726 + 03 0.165872E + 01 

0,2863386+07 0.1539386+05 -0. 30R8536+00 0,1434546+02 0.300477F-01 -0.2687186+02 

-TJnO 18 33E+U7 cmnT933E+crD 


0. 359674E+03' 0 .T41T71E+D5"'~~-G;3rj59Cr2T+0Ii ar3r>T66'oE+06' 0."37’5245E + 03 6~,'l67660E^r 

0,2843036+07 0.154976E+05 -0.353021E+00 0. 147 139E+0? 0.307505E-01 -0 .294 185E+02 

-0. 1009936+02 0.815013E+00 


0. 3616741+03 0.142817E+05 -0.432228E+00 0,3514636+06 0 , 3798 516+ 03 0.1682646+01 

0;282263E+C7 0 .1560226 + 05 -CT.39564'6c + 00 DTT4‘5'8 r7E+ 02 O’i 3 l^OT^E -6 1 ^6 ^2lT969'2lT02 

-0. 1001 39t+02 0,8120406+00 


0, 3636796+03 
0. 2802326+07 

0.1938716+05 
0 .1570766 + 05 

-0.9767836+00 

-0.9367026+00 

0,3512 396+06 
0. 1495036+02 

C. 3899926+03 
0.3231 796-01 

0.1694856+01 

-0.305237E+02 

-0.9927C4E+01 

0.8 09 01 66+00 





~(jm 365679 6+03 
0. 2781976+07 
-0, 9838blL+01 

Crn‘94 93 5 E>'C5~ 
0. 158 1396+05 
0.8C-5 942E+C0 

•^lV6l2t*'0U 
—G / o2i^4E + 00 

0.3 5T79 826 +D 6 
0. 1931926+02 

0.3391676+03 

0.3318916-01 

0.1707266+01 

-0.31C8226+02 





TlMb 

M 

VCR) 

VCI) 

bAMCR) 
GAMC I ) 

ALT 

THETA(R) 

RANGE 

ObAR 

T/W 

VPKAG 

"ALPHA 

XD 





36767Ht»Cii 
0.276161E+C7 
-0. 974921E+01 

0 • 1 ^6 00 6 t *05 
0.1b.9?llE+05 
0.802818E+00 

-U*?>fc07266 + 00 
-0.514223E+00 

U,3b070dF + C>6 
0. 14138bE+02 

0.393876E+03 

0.3412136-01 

0.1719846+01 

-0.316447E+02 

0. 369674E+03 

0.147087E+05 

-0.600126E+00 

0.350410E+06 

0.398620E+03 

0.173261E+01 

274 1 2b t+0 / 
•O. 965&25E+01 

0Tl'5CrZ9TFnJ5 

0.799fe44E+00 

-C.ilbOGVOt+OD 

0. l405blE + 62 

0.3511 b9E-Cl 

-0.322112E+02 

0. 3716 74E + 03 
0. 272091E+07 

0.148177E+05 

0.16138GE+05 

-0.637812E+00 

-0.585627E+00 

0.35O09CE+0fc 

0.139281E+02 

0. 4034006+03 
0.361854E-01 

0.174557E+01 

-0.327817E+02 

-t). E+ or 

Or779Sr472ETUI3 





"0;373A74F+(73' 
0, 27005‘>E+0 7 
' -0.94723bE+01 

' Crrr49275b + Cb 
0.162^78E + Oi) 
0.793152E+00 

-C.'^3'b'T9‘E+0O 

-0.619061E+00 

0.34974S'E + C6 
0. 1379bbE+C2 

0.408215E+03 

0.373239E-01 

0.175872E+01 

-0.3335646+02 

0. 37!>674F+03 
- 0. 268020E+07 
-0.937748E+01 

0. l!)03a2E+06 

-0.708144E+00 

0. 3493bbe+0b 

0.413066E+03 

C.177208E+01 

..... ..Q.^ 

0.789836E+C0 

-0;B5C983E+0(J'" 

■aTTJ5'f93ir+02 

0.3853‘H5e-Cl 

-0. 3393526+02 

0.377674E+C3 
0. 2659b4P+07 

0.15>l499E4-0b 

0*1647026+05 

— C* ?9C8 13E+GC 
-0.6dl426E+00 

0,349CG^E+C6 
0. 13540t>S + 02 

0.417‘»52E+C3 

0.3983336-01 

0.178563E+01 

-0.345183E+02 

-e. 920174F‘ft 1 

0;T864T2E+G0" 





~0»~379fc 74t ♦ C ‘y 
0. 26394Vfc+07 
“0. 9183tcE + 01 

0 « t52K25E+'C5 
0 . I6582ae+C,5 
0.783064E+00 

~C« / 7l!j28t + 00 

-o.yit3V6t+oo 

U* 34y6U2t + C6 
0.1341216+02 

0. 4228756 + 03 
0.4121286-01 

0.1799406+01 
-0.3 5 105 56+02 





8t-« 


TIMfc V<R) GAM(R) alt RANGE T/W 

W V(l) GAM(i) ThETAtR) QBAR VGRAG 

ALPHA' CD 


0. 3bl674L+Cn '~DTT53TFTr+tT5 H'' . b 0 1 20 A E + 0 0 0, 3A81 bOF+ 06 0 .A27b 3bE-«-03 0.1613‘38t+0l 

C. 26191AE+C'7 0.lt6963E+C5 -0.7 379A8E'*-00 0. r323A2E + C2 0.426812E-01 -0.3!j6‘»70E'»-02 

-C. 9C8b36E+01 0.779ol0E+00 


0.38367AF+03 0.1bA906E+05 -C.tt2b95bE+00 0,3 a77A1E+06 0.A32832E+03 C.182758E+01 

-0r25957Bi:T^ OTTSSTUSt + Ub =U77F3^'Er7rRJ(:5 0. 131 56ftEVc2 0.AA2AA7E-01 =^7Tfe2929ETu2 

-C. 89tt557E+Gl 0.776113E+00 


0. 38667AE+03 
C. 2678A3E+07 

0.166U61E+06 

0.169263E+06 

-0.866078E+00 
-C. 7863336+00 

0. 3A728AE+06 
0. 130296F + 02 

0.A37e65E+03 

0.4*190796-01 

0.18A201E+01 

-0.368931E+02 


O.772ij72E+00 





G* 381 SI 
0. 255807i>07 
^0.8782A9b+0l 

0 .T67 226E+C6' 

0.170A276+05 

0.763987E+00 

-O.Q796C3E+00 

-O.811A66E+O0 

0 . 3A6faO9E + 0t» 
0. 129029E + C2 

0.AA2937E+G3 

0.A76770E-01 

O.i L5666E+01 
-0.37A977E+02 


0. 3896 7^8+03 
0,253772r+07 
-0, 867922t+Cl 


0. IbbAClE+Ob 
0.171601E+05 
0.7fcE36ie+C0 


-0.902AV9E+UO 
-0.8 33069 E+T)0~ 


0. 3A0317E+C6 
■0“."12776'7E + 02~ 


0.AA8047E+C3 

0.A95602E-01 


0.187155E+01 

-0.3810671+02 


0. 39167AE+03 
0.2bl737E+07 
-0. 857A8'iE+01 


-0;-39 367 A E+03 0-.‘Tf . C7BTE+ C 5* ^^Cr;-STA3 5 A 2 E+TTO 0TTAE2'fl7T+Cr5 0 . A 68 3'!J1E+ 03 0TTW206E+0T 

0.2A9701E+07 0.1739alE*U6 -0.6719^20+00 0.1262696+02 0.536392E-01 -0.393391E+02 

-0. BA69AL‘E + L 1 0.757S8AE + 00 


0.159686E + C6 -G .92 38C 3E + C C G.3A9KU'£ + C6 0.A63196E + 03 C.188668E+01 

C.1727B66+05 -0 . L'6322AE + 00 0.126610E + 02 0.6166266-01 -G.387201E+02 

0.761693E+00 



6 e-« 


RANGE 

URAR 


T/W 

VORAG 


time V(R) GAM(R) alt 

W V(I» GAM(l) THL-TA(K) 

ALPHA CD - ■ ■ ■ ' 


“Dr3956r7¥F+03 U . 161 Vii Vt+0i> -O.V61692b*0O 0. 34A751E + 06 0.A63606E+03 0.191769E+01 

0.2A7666E+07 0.175186E+05 -0.889229E+00 0.129C12E+02 0.539502E-01 -0 .399606E+02 

-0.836286E+01 0.75423AE+00 


0.39767At+C3 0.163203E+05 -0.978271E+00 0.3A4199E+06 0.468tt71E+03 0,l9335bE+01 

C. 2456'3DF+‘07 0 . 1 76402E+C5 =D79C’3C6BE + 0C 0. l22770E-*-()2 0.583337E-C1 -0.405876E+02 

-0. 8233286+01 0.730443E+00 


0.399674F+03 0.l6A43CE+05 -0.9‘/329^th + 00 0.343636E+06 0.474175C-+0i 0.194974E+01 

0.2435V3E + G/ 0.177G29E+05 -C .9 1 9433E+0CJ 0. 121 33AE + G2 0.609039E-01 -0.4121936+02 

-TJFSl 46-6TE +T}T '07T4WFT7E+cnj 


0, 401674 E+ 03 ■■ ‘ 'O'.l 65 t66E'+05 ■“‘-O.'lOObTTE + Ol 0. 343059E+06 0.479519E + 03 0.1966166+01 

0. 241560E+07 0.178866E+05 -0.932474E+00 0. 120303E+02 0.6361 66E-C1 -0.418556E+02 

-0.8O37G4E+C1 G.742751E+00 


0.403674F+03 
0.239524E+07 
-0. 7926436+01 


0.166917E+06 
0-.180115E + C5 
0.738847E+00 


-0.1018696+01 

-0.949043t+00 


0.3h2471E+06 

0.il90776+02 


0.664960E-01 


0.1 9828 7E+01 
—0.4 24 9666 +02 


0. 40 56 74 L+ 03 
0.237489E+07 
+-0.781484E+01 


0.168 177E+05 
O.lbl j75E+05 
0.7349C6E+00 


-O.lo29o76+0l 

-0.954190E+00 


0. 341 872E+06 
0. ll785bE+C2 


0.‘»90329E+03 

0.6955346-01 


0.1S9986E+01 

-0.431422E+02 


“ 0 r4 0 76T<Tt + 03 DTIW4 49F-TCy 

0.235453t+07 0.182646E+05 

-0. 77C23Ch+01 0.730928E+C0 


-0. 1037936+01 0. 3412d3E + C1S 0 .4957 96E + 03 0.201715E+01 

-G.962930E + 00 0. 11664A'= + 0? 0.7279875-01 -0 .4 37925E+02 


TIMf' 

W 

V (R) 
V(l) 

GAM(R ) 
GAM( 1 ) 

ALT 

IHETA(H) 

RANGE 

QBAR 

T/W 

vdrag 

ALPHA ■ 

CD' 





07^9^TW4-Tr3r~ 
0. 233^16f^+07 
-O. 758882r+01 

0.1/0 ?32E~C'5 

0.l63929E + 0i5 
0.72691bE+00 

-C.lG4b26E+01 
-0.9702l5t)E + 00 

0.34C6A4t+C6 
U. llb43oE^02 

0*50130AE+03 

0.762427E-CI 

0.2034748+01 

-0.4444768+02 

0,41167-^1^+03 

0.172C27E+03 

-t*lG31G5b+0l 

0.3A0017E+06 

0*5063i^4E+03 

0. 2052636+01 

“O.'ZilBB’it+OV 

-0. 747442E+01 

■0'.ltbTZ3EflJ5 

0.722866E+00 

-0.976167E+00 

6.1142348+02 

0.7989826-01 

-0.4510748+02 

0.A13674t+03 

0.2293A7E+07 

0*1 /3334E + 05 
0*186330E‘»-03 

-0.10b534E+01 

-0.98C6786+00 

0.339381E+06 

0.11303BE+02 

0.5124468+03 

0.837749E-CI 

0.207085E+01 

-0.457720E+0? 

-0. 735913'FTtn 

0, /la fU2t+ou 





■0.'41S6 74T:+03 
0.22 7312t+07 
-0. 724296E+01 

0.174'653ET0'5 

0.ie7649E+C3 

0.714666E+00 

-C,10‘5‘hl2E + Cri 
-0.9837328+00 

0. 338739F+06 
0. 1118488+02 

0.5180828 + 03 
0.87386SE-C1 

0.2li8939E+01 
—0 .4 6441 4E +02 

0.4l76/4t+03 

0.1 7b985E+G5 

-0. 1039398+01 

C. 3380908+06 

0.5237606^03 

0.2108266+01 

C.225276E+0T 
-0. 712594t+Gl 

0VlE9ieCF+05"“ 

0.710bl4E+00 

■■-C’.9Sb494E + GC 

“0. l iO'6 6 5 8 + 62 ' 

0.V2 24 45E-0'i 

-0.4711566+02 

0.419674F+03 

0.22324ie+07 

0.177329E+05 

0.l9Ob23E+0b 

-0.1039168+01 

-0.9333028+00 

0.33743 / 8+ C6 
0, 1094898+02 

0.5294828+03 

0.968620E-01 

0.2 12748E+01 
-0.477946E+02 

-0.70C006E+01 

0.7C6 330E+D0“ ■ 





■~0V"4'‘2 1 6 T4 1 + tT5 
0. 2212C6E+C / 
-0.68a937h+Cl 

"0rlir8r.e6E>CT5 

0.1 VI aSOE+Cb 
0.7C2114E+C0 

~C *10 /*t4L + Ul 
-0.9S^7l7t+00 

U* 336 ^ + 06 

0. ltS31.F_i-02 

0.535 2 4 78 + £.3 
0 . 1017528+00 

0.2147056+01 
-C. 4847846+02 


TIME 

W 

V<R) 

v(n 

bAM(R) 

GAM(I) 

ALI 

THFTA(R) 

RANGE 

UBAR 

1/W 

VORAG 

ALPHA"" 

CT5 





0* ^2 /4 

0.219170t+07 
-O, 676957 b+01 

0 » 1 B0C56E *05 
0.193249E+05 
0.697366E+C0 

-0.1Gb422E+01 

-0.982244E-»'00 

0.336117E+C6 
0. 107156E+02 

0.t>41C!>7E+03 
0.10692?^P + 0C 

0.216699E+CI 

-0.491670E+02 

0. 4;; 56 74 E+ 03 

0.181^39E+05 

-C.1C4953E+01 

C.3334D3E+G6 

0.546912E+C3 

0.218730E+01 

■ 7Jr2r7135E+C7" 
-0. 664958f-+01 

0 *l 94632E+05 
0.693587E+00 

-0.9783b0E+d0 

G. 1G6001E + 02 

0.112400E+00 

-0*49So06E^02 

0.4276 74t+03 
0. 21510CE+07 

0.182835E+05 
0. 196028E+05 

-0.1C4335E+C1 

-0.973129E+00 

0. 334737E+06 
0. 104852E+02 

0%552812E+03 
0.1 181 69E+00 

0.220799E+01 

-0.505587E+02 

-07557B531+01~~ 

0.68927BE+C0 





0. 4296T4F+C3 “ 
0. 21 3064 E* 07 
-0. 640672t+01 

0.19743bE+06 

0.684939E+00 

-0. r(T3570E+C 1 
-0.9O64V4E+00 

~G“.T34T2GETC^ei 
0. 103710E+C2 

0,^587b8E+03 

0.124302E+00 

0.222908Et.0l 

-0.6126188^02 

0.43167AE+03 

0.185670E+05 

-0.102668E+01 

0.33345^e+06 

0.564749E+03 

0.226C68E+01 

’0.211029F+07 

-C.628419E+01 

0 . 1 98 867E+03 

0.680571E+00 

■“-0V9 5B478E‘+‘0X 

"C. i0“2576Ei02 

0. 130766E + C0 

-0.519697E+02 

0.433674E+03 
0. 20899'«E+07 

0.l87l08b+05 

0.2C030GE-^C5 

-0. 1C1599E»01 
-C.9A9G70E+0& 

G. 332790E+C6 
0. 101449E + 02 

0 .S707 87t-»-03 

0.227250E+01 

-0.5268246+02 

-0.616093E+01 

0.676174E+00 





" tj; 43 66 74^+ 02~ 
0. 20695bE+07 
-0.603697E+01 

■0V188561F+05 

0.2C1753E+05 
0.671 749E+00 

-C.T0C393E: + 0T~ 
-C.'y38286E + G0 

T.. j32177E+iJ6~ 
0. 10033Gh+02 

0.676877E+03 

0.1t4733E+00 

0.229485E+01 

-0.533999E+02 


time V»R) GAM(R) alt range i/w 

w V<n GAM(I) THETA(R) QBAK VDRAG 

ALPHA CD'“ ■■■ - - 


ar=5376T4T+0T "0 . =0 , vVoaO 1 1 ♦Oc 0. 331Aol!E'^U6 0 . t>s30 CsE-*-03 0.2 3176AE+01 

0. 20A9if3E+C7 0.2C3220E + OS -0 .92bl09fc + 0U 0.992193E + 01 O.ISPPBhE + OO -0 . 541 222 1+02 

-C. 5912331+01 0.6b7?96E+C0 


0.439674E+03 0.191511E+05 -0 . 97 539tiE +00 0.330813E+Cfc 0.589ia6E+C3 0.234088E+01 

0. 2(TZ8“OBT+07 0 .204702E + 05 -0.912540E + 00 0. 981 162E + 01 0.I60224E + 0C -0 .548493E+02 

-0. 578702t+01 0.662816E + 00 


C.441674E+C3 0.193009E+05 -C.95b939E+00 C.33C169E+C6 0.595415E+03 0.236A60E+01 

0.200852F+07 0.206200E+05 -0.H97593E + 00 0.970212E+01 0.l6b562E + 00 -0.555t)l0E+0P 

0;‘56 6 1C 6F+ 01 OT656TO 9‘ETCJD 


y 0. 4436 74E+03 " 0.194 523^+05 '' -CT,94"I022E+OC “CTliPVSP r£ + 06 “0 . 60 1 6 93£ + 03 ' 0.238881E+01 

0. 198817E+07 0.207713E+05 -0 . 88 1262E+0O 0.959344E+01 0.177305E+C0 -0 .563 176E+02 

-0. 553447 b+01 0.653777E+00 


0.4456/4E+03 0.196C52E+05 -0 .921 645E+00 0.3238ft6t+C6 0.6C3021E+03 0.241351E+01 

0. 196782E+07 0 . 2 09 242E + 05 -C . 363544E+00 ^lTT‘>4g-56' lE + 01 07 1 8 646,2 E » CO - 0;5 7 053 8 E702‘ ‘ 

C.540726E+01 0.64922GE+00 


0.4476/4b+03 0.197598E+05 -0. 9U0804b+0C 0.323259E+06 0.614399F+03 0.243874E+01 

0»194766E+07 0.210yS7E+C5 -0. S44436E+CG 0. 9378f>4E + 0 1 0. 19 6 0 378 + 00 -0 •57&04?fc+02 

0. 527944E+01 0 .'644 637F+00 


-CT.-447674 ' + C 3 OT1^9 r6CTT0f5- ^OifTTFSTUFRIO O.3?7693E+0t 0762 03 276+03 0 .24'6449E + 01 

0. 1927 llt + 0 7 0.2123A9E+05 -G,323943b + 00 0 . 92 72 b ’.ih + Ol 0.2C5766E+00 -0 .5 35 55 3F+02 

-0. 515104E+01 0.640031E+00 



TIME 

W 

VIR) 

V(I) 

GaM(R) 

CAM(I) 

ALT 

THETA »R) 

RANGE 

Q3AR 

T/W 

VDRAG 

ALPHA 

CD 





0» 4i)i6 VnE+ui 
0. 190676E+07 
-0.5C22C7E+01 

0TZU0739F7D5 

0.213928E+05 

0.635401E+00 

-0.6547526+ 00 
-0.8020536+00 

0.3270386+06 

0,9167326+01 

0.6273076+03 

0,2157696+00 

0.249080E+01 

-0.5931086+02 

0.A&367‘t£+03 

0.202335E^05 

-0.8295446+00 

0. 3264456 + 06 

0.<S33838E^C3 

0.251767E+01 

(J» lSBb4H’+’U f 
-O.A8V25b£+Ol 

u «2 

0.6307^8E+00 

-0,7/8 7806 + 0O 

0.9O63OIE+OI 

0.226141E+00 

-0.600710E+02 

0.4&i>67AE+03 

0.1866056+07 

0.203 V^9E+0b 
0.217137Et05 

-0.8028716+00 

-0.754105E+00 

0. 325866E+C6 
0.895962E+01 

0.640421E+03 

0.236874E+00 

0.254513E+01 

-0.608362E+02 

-0. 4762496+01 

0.6260716+00 





lj» 0.4576 74 6+OT' 
*r 0. 1845706+07 
-0.463190E+01 

OTZ05'5'8TE+O5 

0.218769E+05 
0.621 374E+00 

~~^C .77473'5E‘+1JQ 
-0.728033E+00 

0. 3253C2E+C6 
0.8U5717E+01 

0.647057E+03 

0.247953E+00 

0.2573196+01 
-0. 61606 2E+02 

C.4546746+03 

0. 2072316+05 

-C. 7451446+00 

0. 3247566+06 

0.6537976+03 

0.260138E+01 

C. 1825356+07 
-0.450081 t+01 

0 22041 8E'+05‘ ~ 
0.6166546+00 

■ -0770C561E+OCr 

~0 .T75TS7 E*D 1 

0.259356E+00 

“0.623811E+02 

0.461674 6+03 
L. 1804996+07 

0.2083V9E+05 

0.2220a7E+05 

-0.714095E+00 
-C. 6716926+00 

0, 3242236+06 
0.865513E+G1 

0,6604916+03 

0.271067E+CC 

0.263122E+01 

-0.6316106+02 

-0;436923F+0r 

ov6ii9r4r+oo“ “ 





■~Ci'463674t:+'C3" 
C. 178464L+U7 
-0. 423717 6+01 

DVZTO 53TE> (75 
0. 223779b +C5 
0.607 it)3E + 00 

-O.6Bl58'5t + 0U 
-0.6414186+C0 

0.323^1 36 + 06 
0.6555586+01 

" 0T667'2'b9'f+03” 
0.233048E+00 

0.2C6122E+01 

-0.639459E+02 


V(K) GAM(R) ALT RANGL T/W 

K VU) GAMd) THE-TA(R) OBAR VORAG 

■ ■ ALPHA CD 


'0* A656T4T+D3 CT77TZ775EVU5 -Q.6476l^E+0O 0. 323222:? + 0f> 0.f>74 142E+ 03 0.2o91V2fc+01 

0. 176429t+G7 0.2254a2E+0b -C.6CV736P+C0 C. B^aTO'at-t-Cl 0.29S2 76F+C0 -0.647360t+02 

-0.41G4fr9b+0l 0.602372L+00 


0. 4676/‘(F*03 0.tl4022E+Ob -0.61217CE + 00 0» 3227t>3E + 06 0.6H1052E+G3 0.2V2334E+01 

• tr; 174393 r+177 crrz 27r09FRJ5 =0.b76640T+'DD 0.tJ3S45GE+6l 0.3077C9E + OO -0.6i>5313E +0? 

-0. 397167E+01 0 . b97 !:.72E+00 


0.469674E+C3 0 . 2 15 7 /oE + 01> -U. 57 5265E+00 0. 322307E + C6 0.68 8C 17E + 03 0.275549E+01 

0.17235bt+07 0.228957E+05 -0.542132L+00 0. 826301E+01 0.320295E+C0 -0*663319E+02 

-0 .'3338 27F+TJ1 0 .592 75'JE+DD 


0.471674C+03 ' C .217 539F+05" -C.SJoSB&E+CC C. 321 88F.E + CF> 0.fc95G^0E + 03’ 0.278842E+01 

^ 0. 170323E*& J' 0.230 725E + 05 -0.504196E + 00 0.81o757E*01 0.332999E+00 -0.6713BOE+02 

-0. 370445F+01 0.587916E+00 


C.4736/4E+03 0.219329E+05 -C.497024E+0C 0. 3214V2E+06 0.702121E+03 0.282214E+01 

0. 168288E+0 7 "0 . 232515EV05 -0.-46r6B37ETOC- 0Tb'0T32'0r+0T 0T3'457'4faW06 ^0^6 794996 ♦0^" 

-0, 357023fc+01 0.5B3C'61E+00 


0.475674E+03 
0. 1662526+07 
-0. 34 35 61F+01 


0.221141E+G5 -0,455639t+00 0.321 125E+C6 0.709260E+03 0.2B5668E+01 

U.23432VE+05 -C.43CCh6E+00 C. 797993E+01 0.358433E+C0 -G .6C7677E+0? 

0.578 1 89E+00 ' ■“ 


0.477674 6+03 0.2Z2976F+O5 ^=Ur4I7B6-3ETCn3 0-;^Z07;r;ir+C5 nTTr64“59E+03 0.289209F+6i 

0. 164217L=+C7 0.236 161E+05 -0.3898168+00 C. 7S8776E+01 0.371129E + 00 -0 .69591 6£ +02 

““G*3300^4. t + Oi 



TlMt- V(R) r,AM(R) ALT RANGE- T/W 

W VU) GAM(I) THbTA(f<) QBAK VDRAG 

alpha CD ■■ 


■■'0."479674E+0i 0 . 2 2^^4 iTJJE -f33 -O*3h!;i>T0'E-»-OO 0. 3r04B3E-» C^> 0.7237 lHt-^03 0.2y2ti3fcE + 01 

0. 1621S52C+07 0.238Ul9t+06 -0. 348182(r + 00 0. 779671 F+Cl 0 . 38 3t 2UF-f 00 -0 ,704220t-»02 

-0, 3165<rttc+01 0 ,568 39AE-*-00 


0. 4B1674L-*-03 0.226714E-*-05 -0,322781E-*-00 0, 320210E + C6 0 . 73 10 37E-t 03 0.296t>89E+01 

- Oi'l 60 1'4 6E+TT7 O.2 39‘900fc'»-06 -C. 306040FRn3 0, 770681E->01 0 .3988 ^OF-f-OO ^^0T7lTb93F?02 

-C.3029t>9E-*-01 0.663473E+00 


0.483437E+03 0 . 2 28 392 E-*-05 -0. 28 1 176E+00 0. 31999s'E-*-06 0 . 7376<i0E-»03 0.29991 9E-*-01 

0. 168342E + 07 0 .291 478E + 05 -0.265829E+-00 0, 762833E■^01 0 . 4063 00 -0.720032E-»02 

•*=^0 . 29 0970E+ 01 OT 519TZ3 E+ 013 


u 0.485437E-*-0 3 0.2 30 307E + 05 -0.‘2 3’2983E+0'0 0. 31979 3E + 6'6 ' O. 794976E-*-03 ’ 0.2999i9E*0’l 

^ 0. 156329tt07 0.243993t«-05 -0. 22O366E + G0 0.78908JE + 01 G.417829E+00 -0 .728543E402 

-C.277381h+01 0.564188t+00 


C.437437E+U3 0.232223b + C5 _ -C, 189196E + 00 0. 319625E + 06 0^7829 ?3E +£3 _ __p .299^ 9E+01 

C.159332E+07 ' O'; 29590BE+05 -0;i79224E*OC 0.''795'9 31Ei-'or '"”0,92U67?^E->00 -0VYi7{Thi*Q2 

-C. 263396F + 01 0 . 69927lE-^C0 


C. 98993 lt-*-C3 0.?39l38E-*-06 -0. 139632E-*-0C C. 31999AE + Cfc 0 . 7600 33E-»-03 0.2999l9E■^01 

C. 1523ME+U/ 0 .297?23b-*-05 -0.127466E-I-0U 0.Vio89VE+01 0.9 388 76E-» 00 -0 .795U09b *02 

-0. 280362F+'J1 0 , ‘i99369E-^00 


- CV99 1937E+C3 (JT23^6r33F+C5 •-T7B'94-457E=in T7TT790TE+136 077F-/rF6ET03 0 .2 99 91 9E + 01 

0. 1609 l:>f*-07 0.299^39E-»-06 -0. /997L0E-01 0, 72e9b7fc-t-01 0.998268E-*-00 -0,7 89 57 IE +02 

-0.23693U+01 0.539903E + CI0 



TIME 

W 

ALPHA 

VCR) 

VCI) 

GAM(R) 
GAMCl ) 

ALT 

THFTA(R) 

RANGE 

UKAR 

r/w 

VGR AG 

CD'"' 




orzr^i^iTr+Di — 

DT2'37‘>1T9F+D5 

-0.333773E-01 

0.319356F+06 

0.775339E+C3 

0.2V9919E+01 

0. 1469936+07 

0.251 154E+C5 

-0.31til46E-01 

0.720194E+01 

0.456779E+00 

-0.763427E+02 

-0.223t>b2E+01 

0.i>34bl3E+00 





0.495437E+03 

0.239b84E+05 

0.1797B6fc^Gl 

0. 319350E+06 

0,7830t5E+03 

0.299919E+01 

CTTA15:597)E+07 

C.JF3'Cr59'F+05 

0.17G422E-01 

0. 712023E+01 

0.464323E+C0 

-0.772332E+02 

-0.210225E+01 

0.529 I59E+00 





0.497437E+03 

0.241U00E+05 

0. 7025666-01 

0. 319386E+06 

0.790FJ93E + G3 

0.29991VE+01 

0. 1447236+07 

0.2549U5E+05 

0.666237E-01 

0. 703974E+C1 

0.470824E+CO 

-0.7bl442E+02 


“= c ri9'59 4 jF-fui o:'5’y2P77aE+co 


G.'499437E+a3' 
0. 142875E+07 
-0. 183723E+CI 

0.256900E+05 

0.520098E+O0 

' O.T73Z34EVOO 
0.116909E+00 

C. 319469E+06 
0.696046E+01 

0.79fi763E+03 
0.4761 86E+ 00 

0.299919E+01 

-0.790612E+02 

C. 3014 i?t+03 

0 . 2 45 (>30£ +05 

0,17o94bci'00 

0. 319597E+06 

0. 806696E+03 

0.299919E+01 

0* 1410491T+07 
-G. 17G547L+C 1 

' ' 0.238G16E+05 

0.515291E+00 

"0.T6793SE4C0 

0. 6b8242E+0l 

0.4 80 3 566+01) 

-0.799901E+02 


C» t>021 "iHr+O 3 0 . 2 356E + 05 I . 1 V 7^7? t +C C C. 31965>t.E + C/. C . l'Q97 16E-*-G3 0.P99S1VE+01 

0. 140369P + 07 0 . lti9t-.9lE + 0b 0.1d7^90E + OG U. 6d33 19E+0 1 0 .4t) 16026+ 00 -0.fl039i>0E + 02 

-t. 1655716+01 0.513^t75-E+tJ0 



ORBlTbR ABORT DATA 

■"VEHI Cl E~ rHAftA'CTrKn i fCS 


CA St 65 


STAGE i 2 

GROSS STAGE WElGHTt(LB) 4817A77.0 3836476. 0 

— GROSTT^TAG F'! HRU S T /WTt 1 CRT C.82S 0'.v94 

JTHRUSI ACTUAL, (LJi) 3990000. 0 38150 0 0.0 

ISP VACUUM, (SEC) 466.700 466.700 

~7TRucTUR tTfrei~ 

PROPELLANT, (LH) 

PFRF. PRAC., (NU) 

“PITOP EL LA N’T F UCT;,(NU8 ) l.COOO 0.7663 

BURNOUT TIME, (SEC) 280.165 532.3^0 

t 

AjBURNOUT VtLOClTY , (FT/SEC ) 10940.656 26680.176 

— B U RN OUT “FAW ATfiTTGR FFSl 
BURNOUT ALTITUDE ,( FT) 

BURNOUT KANG£,(NM) 

“TDFAL'VELOCITYrrFT/STCT 14600.9 30091.5 

ON-ORBIT propellant USED, (LB) 42891.0 

OMS-ORBIT 9635H.r‘ OMS-ASCENI O.G " ' ' 

ON ORBIT propellant AVAIL, (LR) 96364.1 

DELTA UN ORBIT PROPELLANT ,( LB ) 52463.1 

ON-ORBIT MISSION PROP R.EU‘D,(Lb) 25966. 9 

A 1 TE MPT S "f 0 CONVEFRi£ = " C 



O.obO 

347293.4 

362190.9 

208.2 

966.2 


0.0 796009.0 

978998.6 24 70349.0 

0.2032 0.6436 


THETA- 38.47 


PITCH KATL= 0.00226 



SUMMARY WEIGHT STATEMENT (AEORT MODE) 


ORB ITER WEIGHT BREAKDOWN 
DRY WEIGHT 

PERSON NFL 

residuals 

RESERVES 


^^7620.000 
30'CC.CO'O 
2070 .OOC 
3300. COO 


ALPS PkOPELLAN I 
(IMS PROPELLANT 

RAYLtOAn 

BALLAST FOR CG CONTROL 

OMS installation kits 

■T^AYTtJATr-HOTfS 


H2&O.OOQ 

52463.125 

5U'9(5'53T00ir 

0.0 

0.0 


TOTAL END BOOST (URBITER ONLY) 


1316325.00 


OMS BORNEO DURING ASCENT 

ACPS blrneo during ascent 


42891 .000 
10000 .000 


EXTERNAL MAIN TANK 
TANK DRY WEIGHT 

RESIDUALS 

PROPELLANT blAS 
PRESSURANT 


2640. OOC 
r7T3'OTOO?r 

2640.000 ) 

2120.000 ) 


ENG INFS 

FLIGHT PERFORMANCE RESERVE 
UNBtiRN ED P ROPE Lt ANT-'tMAl M“TANTT) 


3650.000 ) 

20930.000 
DTO 


TOTAL END BOOST (EXTERNAL TANK) 


4130(j .000 


flyback propellant TFIRST STAGE) 


136364 .937 


SOLID K0C^E7 MOTOR (FIRST STAGE) 
SRM CASE WEIGhT(2) 

SRM-SrRUCTTJRr- tr RtrVY— WEIGHT 

SRM INvRT STAGING WEIGHT 


904C548 .00 
104 6438.87 

DTTT“ 

1045488 .37 


USABLE SRM PROPELLANT 


■7995^C60";00’ 


total gross LlFl-uFF WEIGHT (GLOW) 


1573 1068 ,0 


CASE 65 



POUNDS 



SUMMARY WEIGHT STATFMENT (RTLS MOD>-) CASE 65 


UkBlTER WEIGH 1 fcREAKDOWN 
DRY WEIGHT 

- - 

l^ ?62C*CCG 

iooo.ooc 

2070.000 

3300.000 

POUNDS 

PERSONNEL' ■ ■ 

residuals 

RESERVE’S 

POUNDS 

POUNDS 

POUNDS 

IN -TCTI-HI LUSSbS 


10A39.C00 

POUNDS 

ACPS PkOPELLANl 


7530.000 

POUNDS 

QMS PRUPELLANT 


o.c 

POUNDS 

PAYLOATJ“ ■■■ 


509656.187 

POUNDS 

BALLAST FOK CG CONTRUL 


0.0 

POUNDS 

OMS IN.STALLATIUN KlfS 


0.0 

POUNDS 

PATLTISTrHOTrS 


0.0 

POUNDS 

TOTAL END BOOST (ORBlTcR ONLY) 


1263615.00 

POUNDS 

UMS BURNED DURING ASCENT 


9535A.125 

POUNDS 

ACPS BURNED DURING ASCENT 


loVSO.OOO 

POUNDS 

external main tank 




TANK DKY WhIGHT 


2640.000 

POUNDS 

" RESIDUALS ' - - 


i?75cr:ooc 

POUNDS 

PROPELLANT BIAS 

( 

2O4C.C00 ) 

POUNDS 

PRESSURANT 

( 

2120.000 ) 

POUNDS 

TANir-ANTJTrNFS"* 

( 

9320.000 ) 

n^uuNiJS 

ENGINES 

( 

3650.000 ) 

POUNDS 

FLIGHT PERFORMANCE RESERVE 


1 1637.C00 

POUNDS 

UNBURN ED' PRilPELLANr'T main TANtCT” 


4'54r29.0I2 

pounds 

TOTAL END BGUST (EXTERNAL TANK) 


4B6336.312 

POUNDS 

‘ U STA RLE -PR'OPTL LANT"{ TXTF'RT'JAT'TaNTCT 


46 / 596 «00 

pDunds 

flyback propellant (FIRST STAGE) 


186864.93? 

POUNDS 

SULIO ROCKET MUTUk (FIRST STAGE) 


9040598.00 

pounds 

SRM CASE WEIGHT (2) 


1098463.87 

POUNDS 

SR M ' STROCTXJRT IT RCVY~WET(JHT 


0.0 


SRM INlKT STAGING WElGhl 


104 9*,E8.e7 

POUNDS 

usable SRM PROPELLANT'" 


799 506G'.C0 ' 

POUNDS 

TOTAL GROSS LlFT-uFF WEIGHT (GLOW) 


15731068.0 

POUNDS 
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,S"MIjOV> 



CASr 66 

2 

•3 

4 

t) 

9711975.0 

4711^78. C 

3046^1^. G 

?b2t>tb2»0 

0,810 

C,B!;2 

1.310 

1.510 

38l^>000.0 

9015000.0 

39VrCOO.O 

38 15000. U 

966.700 

A66.S92 

4fc6.70C 

966.700 

o 

• 

o 

0.0 

0.0 

786166. G 

C.G 

l66p.C56^.C 

519766.9 

^776 699,2 


0.0 

0.3S34 

0.1706 

0.3079 

0.0 

l.OOCO 

1 .0000 

0.4970 

178.640 

372^140 

• 

U‘ 

/> 

i 

526.708_ 

;336. 73b 

2672. 2V1 

761.336 

3476.763 

12.6VC 

-12.711 

-61.328 

175.863 


21^9bs.j3_ _>0 2_c94.7 _23U0Q^.l 

71.1 LOO.*-. 201. V 1^9.^ 

“11259.6 17h00,9 20609.9 

ATTEMPTS TU tONV LRC-E- 9 


26129.7 



I5-« 


PROkcLLANT SUMMARY FOR THE ABORT MODtS FOR CASE 6 b 


ASCl-NT trajectory SHAPED TO THE NOMINAL MISSION MODE UP TO 165.674 SECONDS 




■ UNHURNED' MA rN'TRUPFLLANT" IN 

The abort mudf ' = 

0 .0 

POUNDS 



EXCESS ON-URBIT PROPELLANT 

IN IHt ABORT MODI'. = 

264y7.2t>0 

POUNDS 



UNbURNfO MAIM PRGPELLAMT IN 

the RILS MODE = 

4 b 4 l_2<^ai^2 _ 

POUNDS 



fXCESS ON-ORBIT PROPBLLANT 

IN THt RTLS MODE = 

0.0 

POUNDS 


MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN MODE INDICATED 


■■SHinTCE~SY3TEM N bT"P'/fTCiTAD WITHOUT OmS KIH ^ 509653. ODD POUNDS 


MAIN PROhELLANT bURNED TO AOA/RTlS ABORT TlMc= 168M77.P0 POUNDS 


SHUTTLE GROSS LIFT-OFF WEIGHT (GLOW) = 15731I.-6B.0 POUNDS 


PRtJPELtANT"CROSS”FrED"TRUI«rprKST“-‘SrcaEro“‘STATr==' r61’EI'TJ‘?7D'CS PUDNDT 

SECOND stage PROPELLANT CAPACITY - CROSS FEED = 3480(:2%.0a POUNDS 
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SATELLITE PO£R SYSTEM (SPS) CONCEPT 
ATMOSPHERIC TRAJECTORY . 


r<oi ZDrmuQ: 


STUDY 


*04103590801 
081779 0007 


DATE 08/17/79 
CASE 65 

ATM05FVER1C TRAJECTORY 
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B.2 HLLV THROTTLING STUDY 


This section contains the results of variations in throttling percentage 
between first and second stage engines to stay within the maximum load factor 
and dynamic pressure constraints, 3 g and 650 PSF respectively. The propel- 
lant weight consumed by the first and second stage during ascent was held 
constant and the amount of crossfeed propellant from the first to second stage 
was allowed to vary accordingly (i.e., the second stage propellant loaded 
weight was allowed to vary) . An assessment was made as to the effects on 
payload, staging velocity and gross liftoff weight (GLOW). A suzimiary of the 
results are tabulated in Table B.2-1 and vehicle characteristics are included 
in the tabulated sheets for each case. (Refer to Section B.l for reference 
vehicle characteristics.) 

Table Engine Throttle Trade Summary 


CASE NO. 

1ST STAGE 
THROTTLE » 

STAGING 

VELOCITY (nr/SEC) 

PAYLOAD 

(LBxlO*) 

2ND STAGE 
PROP. LOADED 
LBxlO* 

GLOW 

LBxl0‘ 

GLOW/PAYLOAD 

REF. CONFIG. 

100 

6978 

509.7 

3.^81 

15.73 

30.87 

85 

88 

6893 

505.9 

3.509 

15.73 

31.10 

85 

68 

6887 

699.6 

3.563 

15.72 

31.1»6 


50 

6808 

699.5 

3.576 

15.72 

31.73 

u 

0 

6666 

508.6 

3.631 

1 15.73 

30.92 


As may be seen from Table B.2-1, a 2.8% decrease in payload is realized 
when the throttle level of the first stage is reduced from 100% to 50% with 
a similar decrease in staging velocity. However, when throttling 100% with 
the second stage, essentially the same payload capability as afforded by the 
reference configuration was achieved at a significantly lower staging velocity 
(Case 66). 
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STAGE 


VEHICLE characteristics (NOMINAL MISSION) CASE 85 

J 3 


1 

GROSS STAGE WEIGHT, (Lb) 

15733913^0 

492010B.0 

4842005.0 



GROSS Stage thrust/we i ght 

1*300 

0.965 

0.981 



thrust ACTUAL, (LB) 

2C454048.0 

4730000.0 

4750000.0 



ISP VACUUM, (SEC) 

370.883 

466.700 

466.700 



"STRUCTURE, (LB) 

1045488. •) 

o 

• 

o 

809373.0 



PROPELLANT, (LB) 

9578332.0 

7B103.0 

3431252.0 



PERF. FRAC.,(NU) 

0.6088 

0.0159 

0.7086 



PROPELLANT FRAC.,(NUB) 

0.9016 

1.0000 

0.8091 



BURNOUT TIME, (SEC) 

15 7.5BB 

165.261 

304.240 


r 

o> 

u 

BURNOUT VELOCITY, (Fl/SEC) 

8149.641 

8323.281 

23934.121 



■BURWQDT gamma, (DEGREES ) 

15.037 

13.933 

0.187 



BURNOUT ALTITUDE, (FT) 


197947.2 

319637.3 



BURNOUT RANGE t(NM) 



47.3 

35.7 

810.9 




10E8B.B 

11129.1 

29646.4 



INJECTION VELOCITY, (Fl/SEC) 

O.C 

FLYBACK 

RANGUNM) 216.4 



“INJECTION PROPELLANT, (LB) 

0.0 

FLYBACK 

PRUP(LBS) 189983.5 



ON ORBIT OELlA-V, (FT/SEC) 

1033.3 





UN URB11 PRUPELLANI , (Lb) 
ON ORBIT ISP, (SEC) 

95325.3 
466. 7 





THETA= 27.3T' RITCh RAlEs 0.00182 ' ATTEMPTS TO CONVERGE= 3" 


PAYLOAD, (Lb) 505852. 0 


^9-« 


SUMMARY MtlUHl SlATEMtNT 


ORBITER WEIGHT bREAKDOMN 
DRY WEIGHT 
^PERTONI^HL 
RESIDUALS 
RESERVES 

m^^FT 

ACPS PROPELLANT 
UMS PROPELLANT 

PAYCCTAa 

BALLAST FOR CG CONTROL 
OMS installation KITS 


T OTA L END BOOST (ORBITER ON LY! 

OMS BURNED DURING ASCENT 
ACPS BURNED DURING ASCENT 


EXTERNAL MAIN TANK 
TANK DRY WEIGHT 

RESIDUAL'S' 

PROPELLANT BIAS 
PRESSURANT 

TAN'K ANU LINES 

ENGINES 

FLIGHT PERFORMANCE RESERVE 
UNBURNED“PRDT>ELirANT“TM A I N“TaNK )' 


TOTAL END BOOST (EXTERNAL TANK) 




CASE 85 


731000.000 POUNDS 
3600.066 “ POUNDS 
2070. COO POUNDS 
330C.0O0 POUNDS 
lOSOa.OOO POUNDS 
I82BO.OOO PUUNDS 
95325.312 POUNDS 
'50‘5852';660 pounds 
O.C POUNDS 
0.0 POUNDS 
0.0 POUNDS' 

1369335.00 POUNDS 


I 


0.0 POUNDS 

0.0 POUNDS 


26AO.OOO POUNDS 
178A7.000 POUNDS 

2640.000 ) POUNDS 

2120.000 ) POUNDS 

9437.000 ) POUNDS 

3650.000 » POUNDS 

20930.000 POUNDS 

O'.O POUNDS' 

41417.000 PUUNDS 
5U9'2633.00 POUNDS 

ltt99B3.5u0 fOUNDS 

9040548.00 POUNDS 
1045488.87 POUNDS 
070 PTTUNDS 

1045488.87 POUNDS 

7'99506'6 .00 POUNDS 


15733913.0 


POUNDS 


B-65 


VEHICLE CHARACTERISTICS (NOMINAL MISSION! 


CASE 65 


SIAGt. 




GROSS STAGE WEIGHT, (Lb) 


157I9A36.0 A952269.0 A873984.0 


GROSS STAGE IHRUST/WEIGHT 


1.300 


0.959 


0.975 


T HRUST actua l 


20435232-0 


ISP VACUUM, (SEC) 


STRUCTURE, (Lb) 


370.900 


1045408. 9 


466.700 


466.700 


0.0 814780.0 


_eRQPeLLANT,(Lb) 


-3<545CiBO.D 


-7828S.il 3-464330 .0- - 


PERF. FRAC.,(NU) 


0.6072 


0.0158 


0.7108 


PROPELLANT FRAC.,(NUb) 


0.9013 


1.0000 


0.8096 


BU RNOUT TIME. (SEC) 


157 .-084- 


5CU»*964 — 


BURNUUT VELOCITY, (FT/SEC) 


8152.324 


8331.051 25954.117 


BURNOUT GAMMA, (DEGREES) 
BURNOUT ALTI TUDE. (FT I 


13.752 


12.493 


0.187 


L73S11.4 - -- 188242.0 319656.5.. 


bURNOUT RANGE, (NM) 


817. C 


IDEAL VELOCITY, (FT/SEC ) 


10828.0 


11065.3 


29693.2 


INJECTION VELOCITY. ( FT/SE( 
INJECTION PROPELLANT, (LB) 


Q . Q .F.LY.aALK_RANG E iNR) 

0.0 FLYBACK PROP(LBS) 


176597.2 


ON ORBIT DElTA-V. (FT/SEC 
ON ORBIT PROPELLANT, (Lo) 
ON ORBIT ISP, (SEC) 


95236.8 
900. 7 


ThEIA= 31.41 


PITCH RATE- 0.00220 


ATTEMPTS 10 CONVERGE* 3 


PAYLOAD. (LB 






SUMMARY WblGHl SIATEMfcNI (MQMINAL_MT ) 


^^A4i frS 


ORBITER WEIGHT BREAKDOWN 


DRY W EIGHT lJi!i230 ^DQ Q RO UNOS 


PERSONNEL 

RESIDUALS 

RESERVES 


J ^ J .JVJ •.ULW U 

3ooo«o;>o 
2070.000 
3300. QQO 

H.U 

POUNDS 

POUNDS 

pnifNDS 


IN-FLIGHT LOSSES 


1C610.CC0 

POUNDS 


ACPS PROPELLANT 


1B2B0.000 

POUNDS 


OMS PROPELLANT 


95236.812 

POUNDS 


PAYLOAD 


499637.000 

POUNDS 


BALLAST FOR CG CONTROL 


0.0 

POUNDS 


QMS INSTALLATION KITS 


O.Q__ 

PDtiNDS .. 


PAYLOAD MOOS 


0.0 

POUNDS 



total end boo st tORBI TER UNLYI 136iaQjfe3..0CL POUNDS 



OMS BURNED DURING ASCENT 
ACPS BURNED DURING ASCENT 


0.0 

0.0 

POUNDS 

POUNDS 




EXTERNAL MAIN TANK 







TANK DRY WEIGHT 


2640.000 

POUNDS 



r 

RESIDUALS 


18020.000 

POUNDS 



Oy 

CY 

PROPELLANT BIAS 

( 

2640.000 ) 

POUNDS 




PRESSURANT 

T 

2120.000 \ 

POUNDS. 




lANK AND LINES 

( 

961C.000 ) 

POUNDS 




ENGINES 

( 

3650.000 ) 

POUNDS 




FLIGHT PERFORMANCE RESERVE 



.-POUNDS 




UNBURNED PROPELLANT (MAIN TANK) 0.0 POUNDS 


TOTAL END BUOST (EXTERNAL TANK) AIS^Q.OOO PnilNDS 


usable PROPELLANI (EXTERNAL TANK) 
Flyback prupcLLant (first stagej 

5092633.00 

176597.250 

POUNDS 

POUNDS 


SULID rocket motor (FIRST STAGE! 
SRM CASE WE1GHK2) 

9040548,00 
1045488. b7 

POUNDS 

POUNDS 


SRM STRUCTURE C RCVY WEIGHT 

c.o 

POUNDS 


SRM INERT STAGING WEIGHT 

10454B8.87 

POUNDS 


USAbLE SRM PHO’pELLANT 

7995060.00 

POUNDS 


TOTAL GROSS LIFT-OFF WEIGHT (GLOW) 

15.719436.0 

■ POUNDS 



VEHICLE CHARaUERISTICS (NOMINAL MISSION! 

CASE 45 

STAGE 

1 

2 

3 


GROSS stage WElGHTt(LB) 

1S720730.0 

4V83925.0 

4902416.0 


GROSS STAGE IHRUST/WEIGHI 

1.300 

0.953 

0.969 


thrust ACTUALt(LB> 

2043691/. 0 

4750000.0 

4750000^0 


ISP VACUUM, (SEC) 

370.898 

466.700 

466,700 


STRUCTURE, (LB) 

10454BB.9 

0.0 

819097.0 


PROPELLANT, (LB) 

. _ .9_5135&I.Q_ 

509.0 3452634.0 


PERF. FRAC.,(NU) 

0.6052 

0.0164 

0.7124 


PROPELLANT FRAC.,(NUb) 

O.VOlO 

1.0000 

0.81C0 


■BURNOUT TIME, (SEC) 

156.267 

164.275 509.259 


1 

5 BURNOuT velocity, (FT/SEC) 

B07U.586 

0252.945 

25954.113 


BURNOUT GAMMA, ( DEGREES ) 

14.168 

12.875 

0.187 


burnout altitude, (FI) 

173832.4 

1B9C42.5 

319656.9 


BURNOUT RANGE, (NM) 


55.2 

819.0 


IDEAL VELOCITY, (FI/SEC) 

10750.5 

10993.1 

29712.0 


INJECTION VELOCITY. (FT/SEC) 

0.0 

FLYBACK RANGt(NM 1 

198.5 

INJECTION PROPELLANT, (LB) 

0.0 

FLYBACK 

PKOHLBS) 

177764,2 

ON ORBIT DELTA-V, (FT/SEC) 

1063. 5 




UN ORBIT PROPELLANT, (Lb) 
ON ORBIT ISP, (SEC) 

95235.7 

4d6.7 




THETA= 31.24 PITCH 

RATE= 0.00215 

ATTEMPTS 10 CUNVERGE= 3 

PAYLOAD, (LB) 
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i 




^TaGL Wtibhl f (Lb) 

V:^iLt • 0 

:>c4uy yv*o 

A bxoi3i: »U 


^lAGt TMKU^kT/Wtil^liT 


C 

b •Vob 


iHKbSl AClUALt(Lb) 

^ *U 

A 7l> Ow. Gii« ki 

•» ) i>tOOk>*0 


iSH tfALUUK»(StU 

jj VO.b'»L 

^bb./UO 

Ac6 • 7 CiU 


S1KUC TuKl f ( Lb ) 

IbAliSob.V 

b.O 

bUbUOV.Ci 


HkUftLL^MT, iLb) 

VHii6i-Vu»0 


3 A 6o4bJ> • 0 


HtKl-. l-KAC.tINU) 

C'*60 1^ 

0» C'Ah6 

C • 70 7^ 


t'KUl'LLLAtMT LKAL.ttNUbl 

L.VuO^ 

X • L tyO 0 

U.cubV 


bUKNUUI lilMt.(SbL) 



i>A3.b3l 


S bUKNUUl VLLLClTYt (1- 1/i.LC) 

7b vv.Cby 

•ib-* 

id 5vi>-t • X X3 


bbKNUUl bAhkMt (LibGKtLLi 

1.U 


L.ibl 


bUKNUOT alt IT uLbt (b t 1 

1/ t>6jb .7 

a 

j i Vt> b V • •» 


bUKNUU) KAMLtt(NM) 

.3 

oc • X 

t# ^ i. • ^ 


iUbAL ^LlULIT V»(b1/Lt:Li 

I C6LrV 

1 iLVb. V 

AVTnAab 


lUjbLllLi^ VLLUUlYt ibl/btti 

0 «(J 

bL YbALK 

KANl>A 1 NM 1 

2Ub. i 

iNJbCTXblV KKUkLLLANit (Lbi 

0 

f-L YoaLA 

PKLil-iLbb) 

Xa4oo3 • 7 

UN URblT LLlTA-V,II- l/LtLI 

i C U.^ mi> 




UNUKdII RKbPbLLANI ,|Lb) 
UN UKbil i:>Pt(^>bU 

*tcu • y 




thblA- klXLh 

kaV*-— o*LoiS/ 

AUthPlb lU LUNVbKLb= j 


t*AYLUAUttLt i 


‘■>0 »u 






^UMMAKY WLltoHl ^TAlfcMbNi t^^Mll\IAL Mi^SlUNl 


fafa 


UhbllLK MtlUhl bKhAKOU^N 


LiKY WfcibHT 


/2762u»C0G 

PUUNOS 

t"LKl>UMNLL 


3uCC«0Cb' 

kUUNUS 

Kk:>lUUAL^ 


kCVi. .OGO 

«^UUi>4U;:k 

KLbtKVti 


•aJbO.OCO 

PUUNUS 

IN-I-LIGHI LUSGtb 


Ufh3S«uUO 

pliuud:^ 

ALHi PKUPLlLAM 


Is^bO.UbC 

POUNDS 

GMG PRtl»*bLLAJYl 


m i b(j 

POUNDS 

RAYLOAU 


!)v.bbb2.0C0 

POUNDS 

uhLLk^i irii< Cb CuN^KUL 


C *0 

Pounds 

OHS install ATIUH MTS 


C' 

POUNDS 

PaYLUAU 


c.o 

P00Nu:> 

tUlAL bNU bUuSI (UKbilbK UNLY) 



POUNDS 

Uhb bUKNt bUNlNb AbC C.NT 


G«0 

POUNDS 

aCRS bUhNtJ OOKlNb ASCtNT 


0 «0 

P_OONDS 

LAlbKNAL Main 'UNK 




IaNK L)KY WLXOhl 


ilbAU.bCb 

PUUjMU:^ 

K LSI GOALS 


lil'Mj.LQU 


HkUbLLLAM blAS 

( 

2640.0U0 1 

POUNDS 

RKtSSOKANT 

( 

2L2b.0b0 I 

POUNDS 

IaMK LINl^ 

( 

V3^i#«oG0 1 

POUNDS 

tNblNh 

( 

36!>O.OUO 1 

POUNDS 

hLlbhl PtKfLiKrtANCt Kfcil-’hKVt 


^CVbO.OCO 

POUNDS 

UNbOkNLU kKORLLLANi (MAIN lAiYKX 


G • G 

PuU^u:> 

lUiAL LNO bUoSI (tXiLKiMAL lANK) 


Hi3GG«J0G 

PUUNL»«> 

USAbLL PKORLLLmNT (LATLKNaL IaNK ) 



PuUNuu 

bLYbALK. PKUt*LLLAAi( iHiKSi Si Abtl 


i0so63.oG V 

Pounds 

SOLID KUCKlI MuiUK IbiKS 1 Si Abe) 


vCAOSAb.l'L 

pOJND^ 

SkM CASL kLlbhl(t') 


i^bSAbfa.ti / 

pounds 

SKM STKOLTuKl b KbVY AblOhl 


L.u 

Pounds 

SKM INtKl SiAbXNb WLIUil 


le^SA^bb.bT 

pounds 

USAbeL SkM PhUkeLLANl 


) Y'ySObCJ.bL 

POUNDS 

IuIaL bkUSS LXPl-uXb 4Libhl (bLOW) 


lS7^7s22.U 

POUNDS 


B.3 FIRST STAGE PROPELLANT LOADING STUDY 


An analysis of the affects of varying first stage propellant loading was 
performed. The results are summarized In Table B.3-1 and specific vehicle 
characteristics are Included In the attached data sheets. As expected, the 
payload capability Increases as the first stage propellant mass Is Increased. 
The ratio of glow/payload weights Is also Improved. However, the staging 
velocity also Increases significantly. In this trade study the first stage 
Inert weight was not penalized for the additional TPS required at the higher 
staging velocities. By Including that delta weight the glow/payload ratio 
would not be as favorable. By combining the results of this study with the 
throttling trade results, however, a payload Increase may be achieved without 
the significant Increase In staging velocity. 

Table First Stage Propellant Trade Summary 


CASE 

1ST STAGE PROP. 
(LBxlO*) 

GLOW 

(LBxtO*) 

PAYLOAD 

CLBxIO*) 


GLOW/PAYLOAD 

REFERENCE 

7.995 

15.731 

509.7 

6978 

30.87 

21 

8.495 

18.328 

551.6 

7281 

29.60 

22 

8.995 

16.921 

589.0 

7573 

28.73 

23 

9.495 

17.514 

624.9 

7852 

28.03 

2k 

9.995 

18.108 

659.3 

8114 

27.46 










btlMfcKAL aSCLNI iKAJtHOKY and Sli-lNb l*KU:.KA?1 ftY K«L.I*CjWI: LL 


UAIE - Oi/lb/7v 


llMt - i6:50s C 


SAifcLin- mwtk LYUtM tiipsi CUNCEP1 LiEumriaN siupy 

IWU-MAtt VtKIJCAL TAKt-UFP hUklZuNlAL LANUlNb hLLV CUNCLFI 
bUIH SIAbi-1. ttAVt FLVbACK CAFAblLlTir 10 LAUNCH bllb (KSt) 

FIRST ST ^bh hAb AXRbKtA (1-ibK bLYbALK. aNU LANblNb LAHa»IlMY 

FLYbACA PkURtLLANI HAS A SPfcClFiC FUtL LUNSUK.HTIUN UF StC 

SfcLUNU STAGE USES Iht AbOR I -UNCt-ARUUNU FLYfcACK hUut (AtlAI 

FIkST si Abb HAS LUA/RP/l.h2 lKlRkUPfcl.LAN t SYSThM 

WllH H/? COULtt) Hl&H Hb tNOl^tS C VACUUM ISR = iSk . J ShC I 
StCllNU SlAL-fc UStS LUX/LHi HkURtULANT WITH VaCUUM ISP ^66,7 SbC 
>Hh UtSlCiV FaYIUaU shall bfc Sue KLb IN’IC A f.lKCUCAK URftIT UF 
27b N. MILTS A:»U an INlKTlAL INCLINATIUN UF SI. 6 btCKEtS 
ASCtNI SIlAHtU lU THt NUMINAL aSCLNI MISSION 

Mt CU CUM liiuNS »kL Hi A THLURLIICAl Ukbll UF ^t.M^LtS 

HY N. Hl».tS (CUaSTS TU AkUGLfc UF 16S N.MiLhS» 

Ui^-OKblf UtLlA ViLUCllY ktUOlkfMFNl UF A116 hLtl/StCUNU 

KLS SYtltK SiLtD FUK A uFlTA VtiULllY KlWMI uF 220 Ft t I / ShLUNU 


iHt VcHUlL Si^LU FUK A THRUSI/wtluhl RAIIU Al LIFT-UFF UF l.SO 
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MAXIMUM «-X1aL LU/>U >-ALIt:K UUKINiL M^CtNl b*S 


TKAJtLILKV hAl A maximum AtKU PKeSSURE UK 6i)U LeS/KT2 
MAXIMUM AiKU Hkti>i>UkL AT :>7AblN(> UMllhU lU LbS/KI2 

LlKbCT LMKY KKJM z7C N.MlLbS ASSuMMfcU <UKL1IA V - Ali? Kl/StC) 

RKlUHl PtkKUKMANCt KtbtkVt - 0 , TUIaL CHAt aLClNI VtLUClllf 
WtIUMi SLAllNU RLK RUCXrtKLL Ik ANU U hLLV ilUUlti. 

A WblUhT UKUwlH ALlUrtANUt UK iS aSSUMMKD KUK bUiri 5.TAUK.S. 

F-IRST iilAUt UUkN^ bAb>t>L6t HUUAiUS UK AbLtNl pRUKLLLANT 
StCUIMD SlAUt iUkblTtkJ tNbJNtS bUKM iC9?633 LfaS UK KRUHtt-LANl 

SbCUNU blAUfc UKt rtclUhl WllHUJI RaYLUAD KUUALS Vlu./i? LbS 

bUUUMU S(AUt thKui.1 LtVtl 4, blAulMU KOUalS Lbb 

btCUNU ilAtfc UVtKALL bUUSItR MASS KkACI lUN = O.tAbV W/U MAKblN 

SfctUNU S lAUfc WLlUHl i KhAMiUrtN : 

kUbiUUAL WtlUMl = KUUNDS 

K.tbKkVtS WfclUhl =■ 3bu.j RUUNUik 

KKK Wtlbhl =■ zLj-b KQuImUS 

KL1> KkUK KtlUHf - I'dOb KUtllMOS 

UUkN-UUl AlUIUDL AI btCUNU SlAUt IHkOSI (tkMliMAllUM = tt ?4. MlLti> 
AUVAkCm IKLKiNULuUY »iLL Lt UUMRATAULt »j>TH 1 Ht YfcAkS 1 V9U L UN 


AiUtNI hLuV liAlpiU Ru:^S MAUt KY K.L.KUWtLL (»X1 i/Oj StAL BLACHl 
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VcHiCLt LHARACltklSl ICS (NUMINAL MiSSlONJ 

CaSL 2i 

S I AGE 

1 

ic 



GKUSS SlAGi MLibhit(Ltl 

.C 

AtSii'*:s'7.fc 

.C 
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J • 5 1 <• 

tuwi 
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2 1^2SVi6.C 
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^ V L • a' L 
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G.U 
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0,c2 il 

0 «u 

U.6blt 
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0 •^{j 2 t 
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4: . 0 S u 

VAlii.OSl 
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1 :>.6il 
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< 

• 

or 
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/ .c 

2vSbC ,t 
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SLIMMakY Ht-lthl SIaIIMlNI IMjMIrtAL 


LAli Z1 
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1 1 u i c 
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‘HJ102 .0 A. 

POUNDS 

USAuLt PkbPtLLAM ItXILkNAL 1 ANM 


]>GV 3^33 •G.- 

POUiiDS 

HYbACX PkUPtLLiJ^I iPlkSI SIAbt) 


Zi t* IG^ •LiOG 

PUUNUS 

SULlO kubki 1 .lulOk tPlkSI slAbtl 


iui3**S 1 U .b 

pounds 

SkM CaSu 


ilS-i^AbO.oo 

Pounds 

SkM SIkuCIoKI L kCVY Wtlbrtl 


G.G 

POUNDS 

SkM iNtkl SlAblNb WLlbhl 



PUUNUS 

USAl-tf SKM PRUkittAUI 


0V9SU6L .0'. 

POUNDS 

I U 1 AL tKUSS LIPI — L.PP Attblil tbLUH) 


lOSOI^ilk.O 

PUUNUS 
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PKUHclLANI i.JHMAKV l-bK 1 Ht ALUK 1 Multi tOK 


LASt 22 

ASCLUl IKAJcCIUkY it.Al^tU lu Hit NOMINAL MiiilUN 

MOut Uk lU iV6 

♦ bCV StCdNOi 


UNi;UKNtO «a 1N l-k„**bLLANf IN iHt AtsUKl MUDt 
tXLcii ON-Jkbll fKUktLLANl IN 1 ht aBOK 1 MUOt 

= C .0 

tUUNOS 

HUllNOi 

UNLUkNtU MAiN kkUktLLANl IN 1 hh KiLS MUUfc 

^ A *>002! • Oii j 

kOONOS 

tXLtSi ON-Ukun l-kOkiLLANT IN I tit kTLS MUbt 

=- 0 • L. 

kUUNOS 


Sll'M iiNtUlCAl t<KbK£LLAN] ^ l-.bK1 AOi. IN BuKN MUL»L iNUiCAlLU 


ihlJllLt iYilth Nrl kAVLUrtb tJilttObF UKi 

Ni 1 ~ 

t>obV76.L (. .. 

FJUNUS 

MAIN kKOktLLANI iOKNcU lO aUA/KIlS AhUk I llMt= 

^uOObULi 

kJUNUi 

ithUl TLh bKUSb LiH-T-UhF WiiL^n (bLUbt) 


ib*yt LH^.^ 

kJUNOS 


kkUt-LLLANT tkOit t.i.b tkUM Hkil - itbUNU 

i lAUt- 

ic7v j7v ,,00 

kOUNOS 

itCuiNb ilAbl kkuktLLANi CAtAClIY - CkOSi 

f-LtU ^ 

1 ^ c • cc 

kOUNOS 
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VchlULt ChARAC ltKli.1 ILS tMtiMlNAL MiSSlUM 


CAiL 23 

^ 1 AbL 

1 


3 



bKU^b t.lAbt WLlOHittLcI 

i 'i 'JlH m L 


AVCbbOl .0 



bkuss alAbt 1 HKUi. i/wt luh 1 

1 • :> u i> 

^•v/i 

1 • 0 C V 



UtRU^f ACiljAL«iLb| 

^4. Yoti Yi^4:. .1. 

H ^ ^ 4j v.‘ j • •%; 

Aifbc .. ,.J .2 



1S>H VACUU,1,iStC) 

j6b. VVii 

Abb. jjou 

*♦ C 6 • '/ C 



SIKUCIUKCt (LUI 

llo3bC:i.O 

O.ii 

iv»0 



RKURILLaNT tlLUl 

1 l>bv • L 

itf Y 12 '^ * c 

'ilVbAtb.L 



**tKF. FKAC.t(NU) 

U • OJ*? 6 

0 • 0 3 

i>.6Y^l 



HKliRLLLAt^l FKAt.iCNUtl 

U • 

1 • i; t lO 

i..b032 



BUKNUil 1 l>1t; , (i,tCI 

16 b.c 

Jbb.5>i-9 

J.Hl/ 



: bUKmuUI VcLUCl lYt (M/SlC » 


9ibj,203 

2t.9tA.0bS 



ULiKNUuT tAn-iAt(LbOKbb:k) 

1 ^ • i C X 

jjUjBQH 

t *11:7 



bUkNUUl ALlllUUbt(t-l) 

i V*-> 4 . ^4T. • V 

HRHRH 

.> 1 So 30 • V 



buKNUUl KAMji.«(NM| 

6o * H 

bH. 1 

i: 3 • V 



iObAL VbLuU 1 Y»»H/St:t 1 

Jl 1 b-.V . V 

i;h3/.i 

a! V302 



l‘<JtLllU\ VbLl.Ci IV f t 1- 1 /b-L » 

u.C 

bLYbAtK 

r.ANL t < NK i 

. 3 


INJcLTIuN HkUktLLANT t 1 U. 1 

w.C 

FLYLACR 

f'KUFlLbS ) 

2jl7fr2 .A 


UN jkbii LtL.iM-vt(e 1/i.tC) 

I c • c 





UN ukbil I'KUktLLANI t (bL ) 
UN URBlI 

i ci: i;«‘ !> • *7 
4CO . 1 





iHtl A- t6.->/ HI U H 

KA'Il- 

AlltrtUb lU LUhWtKl-,t= 3 
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UHMAkY rlLiUh.l 


i AS t 


UkfcifbK k\lbl(ih'i ^■K I AKLbwi\ 


l»ky l^Lloiil 


•u> L 

HLiUNUS 

HtkSuNNhL 


:> b L) C' • b ^ j 

RijU^Oo 

KtSiUJALS 


Ci^ l C • 4 } i C 

HUuNi S 

Kii^tKWtriy 


J3b0 »i to 

kuUNOb 

ii^ — HL 1 bh 1 LlJ lb L b 


1 u 1 L'l 7 • b u 

KllUNOl 

ACHii HkUkbLLAN 1 


1 Ytl j.O ' j- 

kUUNbS 

UMi, PKUHLLLaNT 


1 0^ tibi» mC^7*> 

HjUNLS 

HAYLUAL- 


oJhtil i ^000 

kOuM*S 

LALLAlkT bUK Lb CUNIKUL 


O.C 

PUuNL-S 

uMi, It^ib IaLLaII LiY MIL 


b •!> 

KUUNOS 

KaYLUAU MUbb 


U »U 

kUUNUS 

UUaL 1;!YD liLiULl (iJKlil lLK li(ylY i 


i^To^iArt .Ob 

PUUNOS 

uMi> LUkNLb LLkilYL ALLh)»f 


C .u 

HUUNl. S 

ALkL bUklStb LUKlNb ALCtNl 


w . 0 

PU UN OS 

tXILKNAL MAIN 1 AN k 

lANk DkY rtt ILH It 


2 6^ 0 .L i- L/ 

POUNDS 

KtLibUALL 


17163.000 

HUUN03 

kkuktLLANl IAS 

i 

2*jlA.bCC ) 

PlIUM.'S 

kktSSUkANl 

( 

4 .' c 1 b . L> U 0 ) 

HoONl'b 

lAr^^ aNi> lltrl 

( 

vii>i).oOo i 

POUkDS 

LNblNi. S 

( 

^^76.000 1 

PUU.ibO 

kLlbhl kckl-UKMANLL KcStkVt 


1 .0 00 

PU0‘!>J1. 3 

uNiibkNfcli kkUktL.,AN) (MaIN lA%bJ 


u 

PUUkOS 

1 Lll 1 iNU LULjM IlX 1 1 1- f hNn i 


jV / - ,' 

PUUNI 3 

UlAbLt **RUHtLLANl (i?:X'ltKNAL 1 kNK ^ 



PUUKl>3 

f-LYc^ALK RKUPt L L 1 tPlKli llAbL) 



PUONuS 

SUlJL; kULkLI MIjIUK Ihi.vSI SIA^bJ 


10o/Db6:>*(j 

hUUMjl 

SkM CASi- Wbil.h 1 


3 .0 

PUL?M S 

IkM blKU(,lUKt u kL V Y wcJLurtI 


b .c 

Puu»^u3 

LkM INtki S 1 Ab iNL ki:lbtil 


iio Jb03 .u.,- 

pjUnuS 

USAkLi; Skrt kKUkiLLANi 


'7A9‘>CtU ,L u. 

HUU\b3 

1 U 1 AL bkOSS Lll'l-'.'hh WLibhl (LLUf^J 
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KUO'U'O 
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t'KQKtLLAl^T SUMMaKY mK lut AHbk 1 FUR 


CASIl 


-2i. 


ALCtNT TKAJfcCUiKY SlAPLl/ lU Uib NUMNAL lilSSIUAi MULU Ut» lU lb6.bLV SLCUNl>S 



Ul^KUKrt»tD Main »^kuHcLLAM iN Iht AfcUKl MUUL = li.t/ 

LXLtl>i. UN-tJkbil rkUHcLLA'^l IN I HS. AbUk 1 MUUh = 3ao71..‘/:J7 

kUUNUS 

kUUNDS 

UN'bURNtD main HkUktLLANT IN Iht kith hUDt = yilit.OCO > 

ROUNDS 

tXCESI. UN-UkBll kkLiktLLANl IN IHl klLb MODL = 0.0 

HUUNUi> 

SION INOiCATiS PKOKuLLANT SNUklAOL IN buRN MUbt INblCAItO 


bhiniLh SYbltil Nt 1 kAYLUAU MllliOol UMi, MIS = b2Ab/l,0i u 

HOUNDS 

MAiN kkUktLLANl l.OKNtU T u AtJA/klLS AbUkl 11ML= lb9a22i.Ct 

HOUNDS 

SHUI ILL- OkUSS LIH-Utk htil-Hl lOLUk) = l/blAAAB.L 

HOUNDS 


kkUHt.LLAMl l.KUSS k.tu LKUrt FikbT - SkCuND SlAbt- 1/1«.AY9 .cO 
SLCUi^U LlAbi LKULtULANI CAFACilY - LKUSS LL-tO = 

HOUNDS 

HOUNDS 
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GKUSS SlALt Mi;lGht»(Lb) 
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POUNDS 
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POUNDS 
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POUNDS 
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POUNDS 
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POUNDS 
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0 mKj 

POUNDS 

kAYLUAU MOUS 


0 . 'C 

POUNDS 

lUlAL LNU bllUSI (wKblltK UNLY i 


lt.01tA4.CO 

POUNDS 

liMS bUkNtb bUKiNt AGCtKI 


G.C 

POUNDS 

ALPS HUKNtU LOklNb AbCtNl 


U m ii 

POUNDS 

fcxitkNAL Main iank 

lANK DKY MtlGHi 


2l6 A 0 • GOO 

POUNDS 

y kfcblUUALS 


1 1000.000 

POUNDS 

5 PkUPtLLAM UaS 

( 

i-4V2.000 » 

POUNDS 

I'KtSJiUKANi 

( 

^000. 00b ) 

POUNDS 

lANA ANL» Ll 'ttG 

( 

YcIC.ojO 1 

POUNDS 

tNOlNfci. 

( 

jAA^*000 1 

POUNDS 

bLlGHI PLkHjKMANCfc KtitKYb 


lv7t)C •uLG 

POUNDS 

UNDUkNElJ PkuPbLLANi (Main IANM 


0 • i> 

POUNDS 

lUlAL cND bUUil (tXlLKNAL 1 aNM 


3V34t> .LOC 

POUNDS 

UbnfcLt PRUi^t;Lii aNI itXltHNAL f ANiK.. I 


t>ov3iJl3 .cC 

POUNDS 

FLYKACK RKUPtLLANI 1 M KIT SlAbt) 


i!Su;r30 

POUNDS 

SULlb kllLAbI MUIUK (hJKSI GiAbc) 
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LkM La'jc MtXLhl(^) 



POUNUS 

LkM LTkUCTUkI b KCVY Wtlx;Hl 


O.L 
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USfitLt SkM HkUkLLtANl 


VVVbCtO .L; 

POUNDS 

ILIaL bkbjj Llrl — ibb ifitiGnI (LLuaI 



PUbNDS 


PROPELLANT SUMMARY FOR THE ABORT MODES FOR 


ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 


186.509 


£ 


UNBURNEO MAIN PROPELLANT IN THE ABORT NODE « 0.0 POUNDS 

EXCESS ON-ORBIT PROPELLANT IN THE ABORT MODE » 40249.937 POUNDS 

UNBURN ED MA IN PROPELLANT IN THE RT LS MODE » 130A7.00Q POUNDS 

EXCESS ON-ORBIT PRUPELUNT IN THE RTLS NODE » D.O POUNDS 


MINUS S16N INDICATES PROPELLANT SHORTAGE IN BURN MODE INDICATED 


SHUTTLE SYSTEM NET PAYLOAD WITHOUT QMS KITS s 659315.0D0 POUNDS 


MAIN PROPELLANT BURNED TO AOA/RTLS ABORT TIME== 1898221.00 POUNDS 


SHUTTLE GROSS LIFT-OFF WEIGHT (GLOW) = 16108288 .0 POUNDS 


PROPELLANT CROSS FEED FROM FIRST - SECOND STAGE== 1739670.00 POUNDS 


SECOND STAGE PROPELLANT CAPACITY - CROSS FEED 


3354143.00 POUNDS 










B.4 SECOND STAGE PROPELLANT WEIGHT ANALYSES 


The second stage propellant weights were varied In a similar manner as 
the first stage (B.3). Vehicle characteristic data sheets for the various 
cases are included in this section and the results are summarized in 
Table B.4-1. The results of this analysis, as might be expected, are just 
the opposite of those presented in the previous section for the first stage 
weight variation. As second stage propellant weight is increased the pay- 
load weight increases but the staging velocity decreases and the glov/payload 
weight ratio becomes worse* Also, when the throttling function is shifted to 
the second stage, the penalties become worse rather than showing an improvement 
as in the case of first stage propellant weight increases. 

Table Second Stage Propellant Weight Study Summary 


CASE 

SECOND STAGE 
PROP. WEIGHT 
(LBxlO®) 

STAGING 

VELOCITY 

(FT/SEC) 

PAYLOAD 

(LBxlO®) 

GLOW 

(LBx10«) 

GLOW/PAYLOAD 

REFERENCE 

5.093 

6978 

509.7 

15.731 

30.87 

30 

5.570 

6608 

519.6 

l6.3tX) 

31.39 

31 

6.068 

6238 

521.1 

16.918 

32.l»6 

32 

6.565 

5851 

515.2 

17.5^0 

3k. 05 
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GENERAL ASCEMI IRAJfcCIORY ANQ SITING PROGRAM BY R.L.POMELL 
DATE - 01/19/79 TIME - 17:57:20 


SATELLITE POWER SYSTEM (SPS» CO N CEPT DEEINI TIO N STUD Y 

TWO-STAGE VERTICAL TAKE-OFF HORIZONTAL LANDING HLLV CONCEPT 
BOTH STAGES HAVE FLYBACK CAPABILITY 10 LAUNCH SITE IKSCI 

FIRST S TAG E HAS AIRBKEATHER FLYBACK AND LANDING CAPABlLljY 

FLYBACK propellant HAS A SPECIFIC FUEL CONSUMPTION OF ibOO SEC 
SECOND STAGE USES THE ADURT-UNCE-AKUUNO FLYBACK NUDE IaOa) 

FIRST STAGE HAS LQX/KP/LH2 TRIPROPELLaNT SYS TEM 

WITH H2 cooled HIGH PC ENGINES < VACUUM ISP = 352.3 SEC I 
SECOND Stage uses L0X/LH2 propellant with vacuum ISP 466.7 SEC 

TH E D ESIGN PAYLOAD S HALL BE 500 t IRC ULAR 

270 N. MILES AND AN INERTIAL INCLINATION OF 31.6 DEGREES 
ASCENT "SHAPED IU~I HEIfUMlNAL aSCEnT^ISSTON 

MECO CUNDITIONS ARE 10 A THEORETICAL ORBIT O F 1 69. 22 N.MIlES 

BY 50.42 N. MILES (COASTS TO APOGEE OF 160 N.MILES) 

UN-URBII DELIA VELOCITY REOuIREmEnI OF"mo" FTET/SECdNO 

R CS SY STE M S IZED FOR A DELTA VELOCITY RECMT UF 1^0 F EET/ SECUNU 


THE VEHICLE SIZED FUR A THRUST/mEIGHI RATIO aT LIFT-OFF OF 1.30 



MAXIMUM AXIAL. LOAD FAC10R OUR1N& A^CfcNT IS 3».0 G*S 


trajectory has a maximum AERU pressure of 6SC LbS/FT2 
MAXIMUM ATROnPRETSURr XT "staging TlMlI^b^ 

DIRECT ENTRY FROM 270 N.MILES ASSUMMEQ CDEL1A V = AlS FT/SECT 
PFIGHT PERFORMANCE RESERVE = 0.75* TOTAL CHAC ASCENT VELOCITY 
“WETCTl"XrATTN^“P Eft~RuCKMTLTrXR"XNirTl HL LV "STUDI'ES 
A WEIGHT GROWTH ALLOWANCE OF IS* IS ASSUMMED FOR BOTH STAGES 
SECOND stage IQRblTEK) ENGINES SURN 5592633 LBS OF PROPELLANT 
SECOND STAGE DRY~WE1 GHT WlTHtXJT PaVTOAD' EOUALS 7929bXLBS 
SECOND STAGE THRUST LEVEL 3 STAGING EQUALS 5212010 LBS 


T 
00 
CD 

RESIDUAL WEIGHT - 2070 POUNDS 
^tS""PROP"'HET&HT = iWbXPOUNOS 

FPR PROP WEIGHT = 22673 POUNDS 

BURN-OUT altitude AT SECOND STAGE THRUST TEKMINaTION = 50 N. MILES 
ADVANCED TECHNOLOGY WILL BE COMPATABLE wiTH THt YEARS” I99j' C ON 


SECOND STAGE OVERALL BOOSTER MASS FRACTION = 0.BA89 W/0 MARGIN 
SECONir"M A&E"wFlGHT "BRli^^^ 

RESERVES WEIGHT = 3300 POUNDS 


ASCENT Hl.lV SIZllYG RUNS MADE BY R.L. POWELL (EXT 3703 SEAL BEACH) 








VEHICLE CHARALTEKISTICS (NOHINAL MISSION) 


CASE 30 


STAGE 

1 

2 

3 

GROSS STAGE UElGHTt(LB) 

16310333. 0 

3332967.0 

5118293.0 


1.300 

0.974 

1.018 

THRUST AClUALtUB) 

21203^24.0 

5212010.0 

5212010.0 

ISP VACUUM. (SEC} 

371.934 

466.700 

466.700 


1063207.0 

0.0 

877407.0 

PRCPELLANT.ILB) 

9710386.0 

234674.0 

3619955.0 

PERF. FRAC..INU) 

0.3934 

0.0436 

0.7073 


0.9013 

l.OuOO 

0.8049 

BURNOUT TIME.ISEC} 

153.598 

174.612 

501.149 

- - ■ - 

» Burnout velocity. (ft/seo 

7862.922 

8339.094 

25934.102 


15.246 

12.193 

C.187 

BURNOUT ALTITUDE. (FT) 

172889.7 

212930.6 

319656.2 

BURNOUT RANGE. (NH) 

• 

i 

i 

i 

66.5 

798.0 


10327.3 

11200.7 

29646.8 

INJECTION VELOCITY. (FT/SLC) 

0.0 

flyback 

range (NMI 204.3 

INJECTION PROPELLANT. ( LBT 

o.o' 

flvbaCk 

PRUPlLBS ) ' 183794;;9 

ON ORBIT 0ELTA-V.(FT/SEC) 

lub3.U 



UN UkBII PKUPELLANT. I Lb) 
ON ORBIT ISP. (SEC) 

101324.1 

486.7 




THETA= 2?;i8 ' PITCH RATEi ’0. 00200 ' ATTEMPTS TO CONVERGE^ 3 


PAYLOADt(LB) 


51V6C6.C 


06 -g 


SUMMAKY MElbHI IvTATfcMENT 


QKBITER WEIGHT BREAKDOWN 
DRY WEIGHT 
PERSONNEL ' 

RESIDUALS 
RESERVES 
N-FLIGHT LOSSES 
ALPS PROPELLANT 
OMS PROPELLANT 
PAVCDAD 

BALLAST FOR CG CONTROL 
OHS INSTALLATION KITS 


TOTAL END BOOST lORBnTER ONLYI 
UMS BURNED DURING ASCENT 

acps burned during ascent 


EXTERNAL MAIN TANK 
TANK DRY WEIGHT 
RESIDUALS 

PROPELLANT BIAS 
PRESSURANT 
TANK AND LINES 
ENGINES 

FLIGHT PERFORMANCE REStRVE 

msuRNEO ■propellant TmaTn'Tank) 


TOTAL END BOOST (EXTERNAL TANK) 






792904.000 

3666.000 

2070.000 

3300.000 

POUNDS 

POINDS 

POUNDS 

POUNDS 

11496 *000 
19806.000 
I01324.L2S 

POUNDS 

POUNDS 

POUNDS 

bl96C6.C00 

0.0 

0.0 

POUNDS 

POUNDS 

POUNDS 

ii.O 

PUUNOS 

14 5 3^6 .00 

POUNDS 

0.0 

0.0 

POUNDS 

PUUNOS 


26AO.OOO POUNDS 
TVS 18 .000 pounds' 
( 2860.000 ) POUNDS 

( 229S.OOO ) PUIXYDS 

( 10410.000 ) POUNDS 

( :^9S3.000 I POUNDS 

22673.000 POUNDS 

0.6 ‘ POUNDS 

44831.000 POUNDS 
S569V60.00 POUNDS 

T 837^j.B7S P OUNDS 

9058267 .OQ POUNDS 

1063207.00 POUNDS 
0.0 POUNDS 

1063207.00 POUNDS 

79V5666.1)0 ‘ POUNDS' 

1631U355.0 POUNDS 


PROPfcLLANT SUMMARY FOR THfc ABQ R 1 HOPES POR CASE 30 

ASCfcNi IRAjfcCIORY SHAPED TO IhE NtJMlNAL MISSIUX MUOt UP TO 174.612 SECONDS 


UNbURNED HAIN PROPELLANT IN Tht ABORl MOOE = 0.0 POUNDS 

EXCESS ON-ORBIT PROPELLANT IN iHIc ABORT MObb ^ -7V20.250 POUNDS 


UNbURNED MAIN PROPE L LANT IN T HE RJL S NUD E ^ ^ 1^BB. 2!> 0 PO UNDS 

EXCESS ON-ORBIT PROPELLANT IN THE RlLS NUDE - 0.0 POUNDS 


MINUS SIGN INDICATES PROPELLANT SHORlAbE IN BURN MODE INDICATED 

f 

•o 

H* 

ShUilLE SYSTEM NET PAYLOAD WlThOUT OHS A11S ^ STSbOSTMO POUNDS 


MAIN PR0PELLAN1 BURNED TU AOA/RTLS ABUR1 IIME- 19BCUOO.CO POUNDS 


SHU T TLE GROSS LIFT -OFF WEIGHT (GLOM^ = I63I G355.0 __POUNDS 

TROPELLANT CRUSS“EEEU PRDH HRST“ SLCQND" ST AtiE= — POUNDS' 

SECOND STAGE PROPELLANT CAPACITY - CROSS FEED = 383^.63^.00 POUNDS 


I 






VEHiCLb CHARXCIERIST ICS CNOMINAL MISSION) 


CASt 31 


STAGE 123 


GROSS STAGE WEIGHT t( Lb) 16917 )12.C bb233A6.0 50S3036.0 



T3RTDRBIT PRoPELiAiSTTlTbl 107 ^22. S 

UN ORBIT ISPtlSEC) ^66.7 


ThETA= 28.63 ‘ ‘ FltCH RATV= 0. OLiyB ' AttEMl'TS TO CON^^^ 


PAYLOADt Ub) 


t»2109A.0 


lllllllllllllllllllll 




i:Ji'ain,' Limits 




LA^ 



SRH STRUCTURE L RCVV WtlGHl POUMJS 

SRH 1NER1 :>TAG1?«& HEIGHT iU7ot>20.0u POUNDS 


USABLE "SRM PROP fcLLANT 7995060 .00 HOUNDS 


total gross LiPl--DFF HEIGHT (GLUwI 


16VI7712.0 


HOUNDS 




CASE 


PROPELLANT SUHHAKY FOR THE AbURI HOOES FUR 


31 


ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP 10 212.302 SECONDS 




UNUURNEU MAIN PRUPELLAN1 IN THE ABORT MODE s 

EXCESS ON-ORBIT PROPELLANI IN THE ABURT MODE > 

(KO 

-22702. 50Q 

POUNDS 

POUNDS 



UNBURNEO MAIN HIOPELLANT IN THE RTLS MODE > 

1 0886 .750 

POUNDS 



EXCESS ON-ORBIT PROPELLANT IN THE RTLS MODE s 

0.0 

POUNDS 



MINUS SIGN INDICATES PROPELLANI SHORTAGE IN BURN 

MODE INDICATED 


VO 

4S 


SYMbH Ntl PAYLUAD WiTHGUl OMS KITS = 

321C94.00C 

POUNDS 



MAIN PROPELLANI BUlOlEO TO AOA/KTLS ABORT I1HE= 

2bOUGCO .00 

POUNDS 



SHUTTLE GROSS LIFT-OFF WEIGHT (GlOmI - 

1691 fV 12.0 

POUNDS 




PKUPELLANI LRUSS FEED FROM FIRST - SECOND STAGE* 
SECOND STAGE PROPELLANT CAPACITY - CROSS FEED - 

1829690.00 

4238006.00 

POUNDS 

POUNDS 









VEHlCLb characteristics (NOMINAL MISSION) 


CASE 32 



STAGE 

1 

2 

3 



GROSS STAGE MEIGHTt(LB) 

17340464.0 

6299794.0 

3431321.0 



GROSS STAGE ThRUST/HE 1GH1 

l.iOQ 

0.9B3 

1.143 



thrust ACTUALtILB) 

226C2 360.0 

5208210.0 

6208210.0 



ISP VACUUM* (SEC) 

374.122 

466.700 

466.700 



STf(UCtUREt(Lb) 

1090 037. 0 

0.0 

1G3B091.0 



PRCPELLANT*(LB) 

9926367.0 

86B473.0 

3763389.0 



PERF. FRAC.i(NU) 

0.3659 

0.1379 

0.6933 



PROPELLANT FRAC.»(NUB) 

0.9011 

1.0000 

0.7839 



BURNOUT TlMEylSEC) 

143.202 

210. 4B9 

497.677 


Ui 

BURNOUT VELOCITY* (FT/SEC) 

7073.633 

6770.648 

259 34. C 86 



buknouT Gamma* (DEGREES) 

16.946 

8.947 

0.187 



BURNOUT AL1ITU0E*(FT) 

i«pG^7 

283503.6 

3191^5 



BUKNOUT RANGE *INM) 

34.8 

102.2 

767.9 




V731.0 

1193B.4 

29)03.6 



INJECTION VELOCITY* (FT/SEC) 

0.0 

FLYBACK 

RANGE(NM ) 

233.7 


"IN JECTION PROPELLANT i ( lB ) “ 

6.0 

FLYbACk 

PRUP(LbS) 

2i4(i^3.2 


ON ORBIT DELTA-V* (FT/SEC) 

1687.3 





ON UKBIT PKUPELLANI* (LB) 
ON ORBIT ISP* (SEC) 

112639.0 
4 66. 7 





IHETAs 27.09 HITCH RAiE= 0.00177 ' ATfEMPlS 10 CONVERGE* 3 . - - i 


PAYLOADt (Lb) 


51S181.0 
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&UMHAKY WElbhT STATfcMfcNI (NO 

ORBlItR WEIGHT BREAKDOWN 
DRY WEIGHT 
f>EftSUNNEL 

residuals 

RESERVES 

IN-FLIGHT LOSSES 
AC PS PROPELLAN1 
DNS PROPELLANT 
PAYLOAD 

BALLAST FOR CG CONTROL 
OHS INSTALLATION K11S 
PAYLOAD MODS 

TOTAL END BOqST^ 99*:^* 

OHS BURNED DURING ASCENT 
ACPS BURNED DURING ASCENi 


EXTERNAL MAIN TANK 
TANK DRY WEIGHT 
'RESIDUALS 

PROPELLANT BIAS 
PRESSURAN1 
TANK AND LINES 
ENGINES 

FLIGHT PERFORMANCE RESERVE 
UNBURNEO PROPELLAWI ilMAlN lANkf 


TOTAL END bOuST {EXTERNAL TANK) 


LLANT (EXTERNAL TANK) 

F LYBACK p r opellant (FIR ST STAGE) 

SOLID ROCKET MOTOR (FIRST SIAGE) 
SRH CASE WEIGHT (2) 

SKH SIKULIUKE L KLVY Mt 

SRH INERT STAGING WEIGHT 


“USABLE” SRM“PftO PEL laNT 


total gross LIFT-UFF dEIGhT (GLOW) 


INAL MISSION) 


93b763.000 POUNDS^ 
■ 3000. dCO POUNDS 
2070. OuO POUNDS 
3300 .000 POUNDS 

13814.000 POUNDS 

23800.000 POUNDS 
112659.812 PO UNDS 
515181.000 POUNDS 

0.0 POUNDS 

0.0 POUNDS 

0.0 POUNDS 

I±L?587.(W POUNDS 

0.0 POUNDS 
0.0 POUNDS 


2640. OGO POUNDS 

23458.000 POUNDS 

3437. OQO ) POUNDS 

275U.000 ) POUNDS 

12513.000 ) POUNDS 

4750.000 ) POUNDS 

27246.000 POUNDS 

6.0 ■ pcii^bs 

53344.000 POUNDS 

6565387.00 POUNDS 

224025.18 7 PO UNDS 

9086117.0. POUNDS 

1090057.00 POUNDS 
OTG POUNDS” 

109U057.00 POUNDS 

'7 V 9 56'66T0i7 piJuNDS 


17590464.0 


POUNDS 


i PROPt- LLAHT SUMMARY FOR THE ABO RT HQD fcS FOR 32 

i 

I ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 2i0.4tt9 SECONDS 


1 UNDUKNED main PKUPELLANT IN THE ABOkT~MODE * O.D TOONOS 

1 

EXCESS ON-URBIT PROPELLANT IN THE ABORT MODE = -72984.362 POUNDS 

I 

: UNBONED MAIN PROPELL ANT IN THE R T,LS MODE = 6693.000 POUNDS 

EXCESS ON-ORBIT PROPELLANT IN THE RTLS MODE s 0.0 POUNDS 


MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN MODE INDICATED 

^ - 
VC 

SHUIILE SYSTEM NEl PAYLUAD WITHOUT UMS KllS = 513181.000 POUNDS 


MAIN PROPELLANT BURNED TO AOA/RTLS ABORT TIME- 280u000.00 POUNDS 


SHUTTLE GROSS LlPT-OFE ME1GH1 (GLOM) = 17540464.0 POUNDS 


PKUPELLANT CROSS ELtU FROM FIRST - SECOND STAGE= 1931527.00 POUNDS 

SECOND STAGE PRO PELL AN T CAPA CITY - CROSS FEED - 4633860.00 P OU NDS 






B.5 LIFTOFF THRUST-TO-WEIGHT 

The liftoff thrust -to-weight (T/W) was reduced from the reference value 
of 1.30 to 1.25 in order to assess the effects. This variation in T/W result- 
ed in approximately 1% reduction in payload capability without an appreciable 
change in staging velocity. The glow was also reduced slightly. The major 
effect was a shift of approximately 70,000 lb of second stage stored propel- 
lant over to the first stage crossfeed tanks. This shift in propellant weight 
should bring both vehicles within the same volumetric envelope. Selected 
vehicle parameters are compared with the reference HLLV configuration in 
Table £.5-1 and vehicle characteristics are given in the attached computer 
data sheets. 


Table B.5-1, Comparison of Liftoff 
T/W of 1.25 with Reference HLLV 



THRUST/WE 1 GHT 
1.3 (REF) 1.25 

GLOW (LBxlO®) 

PAYLOAD (LBxlO^) 

GLOW/PAYLOAD 

STAGING VELOCITY (FT/SEC) 

FIRST STAGE PROPELLANT - LOADED (LBxlo®) 
SECOND STAGE PROPELLANT - LOADED (LBxlO®) 

15.731 15.697 

509.7 503.9 

30.87 31.15 

6978 7000 

9.607 9.679 

3.481 3.410 


The lower thrust- to-weight system would be of advantage only if the impact 
on engine size is of sufficient magnitude to warrant paying the small penalty 
in payload capability. 
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GENERAL ASCENT TKAJfcCTORY AND SIZING PROGRAM BY R.L.I>OWELL 


DATE - 01/17/79 


TIME - 21:31:36 


SATELLITE ROWER SYSTEM (SPS) CONCEPT DEFINITION STUDY 

TWO-STAGE VERTICAL TAKE-OFF HORIZONTAL LANDING HLLV CONCEPT 
BOTH STAGES HAVE FLYBACK CAPABILITY TO LAUNCH SITE (KSC) 

FIR ST STAGE HAS A IKBREATHER FLYB ACK AND LANDING CAPABILITY 

FLYBACK PROPELLANT HAS A SPECIFIC FUEL CONSUMPTION OF 3500 SEC 
SECOND STAGE USES THE ABORT-ONCE- AROUND FLYBACK MODE (AOA) 

FIRST stage has L0X/RP/LH2 TRIPROPELLANT SYSTEM 

WITH H2 COOLED HIGH PC ENGINES (VACUUM ISP = 352.3 SEC) 

SECOND STAGE USES L0X/LH2 PROPELLANT WITH VACUUM ISP 966.7 SEC 
THE DESIGN PAYLOAD SHALL BE 500 KLB INTO A CIRCULAR ORBIT OF 
270 N. MILES AND AN INERTIAL INCLINATION OF 31.6 DEGREES 
ASCENT SHAPED TO THE NOMINAL ASCENT MISSION 

MECO CONDITIONS ARE TO A THEORETICAL ORBIT OF 169.22 N. MILES 
BY 50.92 N. MILES (COASTS TO APOGEE OF 160 N. MILES) 

ON-ORBIT DELTA VELOCITY REQUIREMENT OF 1110 FEET/SECOND 

RCS SYSTEM SIZED FOR A DELTA VELOCITY KEQM1 OF 220 FEET/SECOND 


THE VEHICLE SIZED FOR A THRUS T/WE IGHT RATIO AT LIFT-OFF OF 1.25 
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MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3« 0 6*S 


TRAJtClOKY HAS A MAXIMUM AERO PRESSURE OF 650 LBS/FT2 
MAXIMUM AERO~PRES^E~AT STAGING LIMITED TO 25 LBS/FT2 
DIRECT ENTRY FROM 270 N. MILES ASSUMMED tOELTA V h 415 FT/SEC) 
PFIGHT PERFORMANCE RESERVE = 0.75» TOTAL CHAC ASCENT VELOCITY 
WEIGHT SCALING PER ROCKWELL IR AND 0 HLLV STUDIES 
A WEIGHT GROWTH ALLOWANCE OF 15% IS ASSUMMED FOR BOTH STAGES 
FIRST stage burns 7995060 POUNDS OF ASCENT PROPELLANT 
“slCONirSTA^EnbltBiT EfrinO^ 50^'3F LBS OF~^1 ToPELLANT 

SECOND STAGE DRY WEIGHT WITHOUT PAYLOAD EQUALS 713159 LBS 
SECOND STAGE THRUST LEVEL 3 STAGING EQUALS 4730000 LBS 
SECOND STAGE ASSUMES 4 ^ENGINES FOR ASCENT WITH 1 OUT FOR ABORT 
SECOND STAGE EPL THRUST LEVEL FOR ABORT IS 112 t FULL POWER 


SECOND stage OVERALL BOOSTER MASS FRACTION = 0.6329 


SECOND STAGE WEIGHT BREAKDOWN 

# 

• 



residual 

WEIGHT 

£ 

2070 POUNDS 

RESERVES 

WEIGHT 

= 

3300 POUNDS 

FPR 

WEIGHT 

= 

20141 POUNDS 

RCS 

WEIGHT 

s 

17594 POUNDS 


BURN-OUT ALTITUDE AT SECOND STAGE THRUST TERMINATION = 50 N. MILES 
ADVANCED TECHNOLOGY WuXTe COMPA TABLE WITH THE YEARS 1990 C ON 
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VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 25 


STAGE 

1 

2 

3 


GROSS STAGE WEIGHTt (LB) 

15696635 .0 

47968 39.0 

4794255.0 


GR(3SS STAGE THRUST/HEIGHT 

i.250 

0.990 

0.991 


THRUST ACTUALf(LB) 

1962 C768 .0 

475 00 00.0 

4750000.0 


ISP VACUUM* (SEC) 

371.672 

466.700 

466.700 


STRUCTURE* (LB) 

1040199.7 

o 

. 

o 

789453.0 


PROPELLANT. (LB) 

9678653 .0 

2584.0 

3407204.0 


PERF. FRAC.*(NU) 

0.6166 

0.0005 

0.7107 


PROPELLANT FRAC.*(NUB) 

0*90 30 

1.0000 

0.8119 


BURNOUT TIME* (SEC) 

165.421 

165.675 

502.543 


1 ' 

1 BURNOUT VELOCITY* (FT/SEC) 

82 67.9 18 

8274.047 

25954.113 


BURNOUT GAMMA* (DEGREES) 

13.522 

13.477 

0.167 


BURNOUT ALTITUDE* (FT) 

18 0447.9 

1809 38.1 

319657.8 


BURNOUT RANGE* (NM) 

49.5 

49.8 

798.1 


IDEAL VELOCITY*(FT/SEC) 

11149.8 

11157.9 

29780.8 


INJECTION VELOCITY, (FT/SEC) 

0.0 

FLYBACK 

RANGE(NM) 

204.1 

INJECTION PROPELLANT* (LB) 

0.0 

FLYBACK 

PROPiLBS) 

180942.2 

ON ORBIT DELTA-V* (FT/SEC) 

1082 .7 




ON ORBIT PROPELLANT* (LB) 
ON ORBIT ISP* (SEC) 

93697.7 

466.7 




THETA= 29.10 PITCH 

RATE= 0.002 05 

ATTEMPTS TO CONVERGE* 3 

PAYLOAD* (LB) 

503900.0 
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SUMMARY WEIGHT STATEMENT (NOMINAL MISSION) 


CASE 21 


QRBITER WEIGHT BREAKDOWN 


DRY WEIGHT 


713154.000 

POUNDS 

PERSONNEL 


3000.000 

POUNDS 

RESIDUALS 


2070.000 

POUNDS 

RESERVES 


3300. OCO 

POUNDS 

IN-FLIGHT LOSSES 


10212.000 

POUNDS 

ACPS PROPELLANT 


17594.000 

POUNDS 

OHS PROPELLANT 


93697.687 

POUNDS 

PAYLOAD 


503900.000 

POUNDS 

BALLAST FOR CG CONTROL 


C.O 

POUNDS 

OMS installation kits 


0.0 

POUNDS 

PAYLOAD MODS 


0.0 

POUNDS 

total end boost (ORBITER ONLY! 


1346927.00 

POUNDS 

OMS BURNED DURING ASCENT 


0.0 

POUNDS 

ACPS BURNED DURING ASCENT 


0.0 

POUNDS 

EXTERNAL MAIN TANK 




TANK DRY WEIGHT 


2640.000 

POUNDS 

RESIDUALS 


17342.000 

POUNDS 

PROPELLANT BIAS 

( 

2 54 0.000 ) 

POUNDS 

PRESSURANT 

( 

2040.000 ) 

POUNDS 

TANK AND LINES 

( 

9250.000 ) 

POUNDS 

ENGINES 

( 

3512.000 ) 

POUNDS 

FLIGHT PERFORMANCE RESERVE 


20141.000 

POUNDS 

UNBURNED PROPELLANT (MAIN TANK) 


0.0 

POUNDS 

TOTAL END BOOST (EXTERNAL TANK) 


40123.000 

POUNDS 

USABLE PROPELLANT (EXTERNAL TANK) 


5093422.00 

POUNDS 

FLYBACK PROPELLANT (FIRST STAGE) 


180942.250 

POUNDS 

SOLID ROCKET MOTOR (FIRST STAGE) 


9035259.00 

POUNDS 

SRM CASE WEIGHT (2) 


1040199.75 

POUNDS 

SRM STRUCTURE L RCVY WEIGHT 


0.0 

POUNDS 

SRM INERT STAGING WEIGHT 


IC40199.75 

POUNDS 

USABLE SRM PROPELLANT 


7995060.00 

POUNDS 

TOTAL GROSS LIFT-OFF WEIGHT (GLOW) 


15696635.0 

POUNDS 
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TH£TA= 39.55 


PITCH KATt- 0.00236 


CASE 25 


2 

3 7942 07*0 
I .005 

3615010. 0 
466.700 

77 94 53 *0 

2451068.0 
0.6460 
0. 7587 

582.496 
2 55 86 .543 
0.650 
362187.6 
9 51.8 
3 02 64.1 


ATTEMPTS TO CONVERGE^ 0 
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SUMMARY WEIGHT STATEMENT (ABORT MODE) 


CASE 25 


QKBITEK WEIGHT BREAKDOWN 


DRY WEIGHT 


71315A.000 

POUNDS 

PERSONNEL 


3000.000 

POUNDS 

RESIDUALS 


2070.000 

POUNDS 

RESERVES 


3300.000 

POUNDS 

IN-FLIGHT LOSSES 


10212. GCO 

POUNDS 

ACPS PROPELLANT 


7594.000 

POUNDS 

QMS PROPELLANT 


49807.687 

POUNDS 

PAYLOAD 


303900.000 

POUNDS 

BALLAST FOR CG CONTROL 


0.0 

POUNDS 

OMS INSTALLATION MTS 


0.0 

POUNDS 

PAYLOAD MODS 


0.0 

POUNDS 

TOTAL END BOOST (URBITER ONLY) 


1293037.00 

POUNDS 

OMS BURNED DURING ASCENT 


43890.000 

POUNDS 

ACPS BURNED DURING ASCENT 


10000.000 

POUNDS 

EXTERNAL MAIN TANK 

TANK DRY WEIGHT 


2640.000 

POUNDS 

RESIDUALS 


17342.000 

POUNDS 

PROPELLANT BIAS 

( 

2540.000 ) 

POUNDS 

PRESSURANI 

( 

2040.000 ) 

POUNDS 

TANK AND LINES 

( 

9250.000 ) 

POUNDS 

ENGINES 

( 

3512.000 ) 

POUNDS 

FLIGHT PERFORMANCE RESERVE 


20141. OCO 

POUNDS 

UNBURNED PROPELLANT (MAIN TANK) 


0.0 

POUNDS 

TOTAL END BOOST (EXTERNAL TANK) 


40123.000 

POUNDS 

usable PROPELLANT (EXTERNAL TANK) 


5093422.00 

POUNDS 

FLYBACK PROPELLANT (FIRST STAGE) 


180942.2 50 

POUNDS 

SOLID ROCKET MOTOR (FIRST STAGE) 


9035259.00 

POUNDS 

SKM CASE WEIGHT (^) 


1040199.75 

POUNDS 

SRM STRUCTURE L RCVY WEIGHT 


c.o 

POUNDS 

SRM INERT STAGING WEIGHT 


1C40199.75 

POUNDS 

USABLE SRM PROPELLANT 


7995060.00 

POUNDS 

TOTAL GROSS LIFT-uFF WEIGHT (GLOW) 


15 696 6 3 5.0 

POUNDS 
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VEHICLE characteristics (RTLS MODE) CASE 25 


stage 

i 

2 

3 

4 

5 

GROSS STAGE WEIGHT, (Lb) 

479 4255.0 

469 0199.0 

4690199.0 

3023143.0 

2543142.0 

GROSS STAGE THRUST/WEIGHT 

0.796 

0.813 

0,856 

1.319 

1.500 

THRUST ACTUAL, (LB) 

3815000.0 

3815000.0 

4015000.0 

3990000.0 

3815000.0 

ISP VACUUM, (SEC) 

466.700 

466.700 

466.592 

466.700 

466.700 

STRUCTURE, (LB) 

o 

• 

o 

o 

• 

o 

0.0 

o 

• 

o 

770399.0 

PROPELLANT, (LB) 

104055.4 

o 

• 

o 

1665056.0 

482000.2 

757731.1 

PERF. FRAC.,(NU) 

0.0217 

o 

• 

o 

0.3550 

0.1593 

0.2980 

PROPELLANT FRAC.,(NUB) 

1.00 00 

o 

• 

o 

1.0000 

1.0000 

0.4959 

BURNOUT TIME, (SEC) 

176.403 

178.403 

371.903 

42b. 281 

519.492 

r " 

1 BURNOUT VELOCITY, (FT/SEC) 

8164.465 

8184 .465 

2421.007 

702.479 

3304.023 

BURNOUT GAMMA, (DEGREES) 

12.836 

12 .836 

-12.228 

-57.180 

175.809 

BURNOUT ALTITUDE, (FT) 

204908.4 

2048 95.1 

291505.2 

258602.7 

229997.7 

BURNOUT RANGE* (NM) 

63.8 

63.8 

188.7 

189.4 

149.3 

IDEAL VELOCITY, (FT/SEC) 

I 1224.3 

112 24.3 

178 0 7.4 

20413.5 

25725.3 


TH£TA=1 56.66 PITCH RATE= C. 002 28 ATTEMPTS TO CONVERGE^ ^ 


UNBURNEb MAIN PROPELLANT* f LB) 51 1152. 9 


PAYLOAD, (LB) 


503858.1 
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SUMMARY WEIGHT SIATbMfcNT (RTLS MOPE) 


CASE 25 


OKBITER WEIGHT BREAKDUWN 


DRY WEIGHT 

713154.000 

POUNDS 

PERSONNfcL 

3000. ODD 

POUNDS 

RESIDUALS 

2070. OCO 

POUNDS 

RESERVES 

3300.000 

POUNDS 

IN-FLIGHT LOSSES 

10212.000 

POUNDS 

ACPS PROPELLANT 

6B44.00C 

POUNDS 

□MS PROPELLANT 

0.0 

POIMDS 

PAYLOAD 

503858.125 

POUNDS 

BALLAST FOR CG CONTROL 

0.0 

POUNDS 

QMS INSTALLATION KITS 

0.0 

POUNDS 

PAYLOAD MODS 

0.0 

POUNDS 

TOTAL END BOOST (ORBITER ONLY) 

1 242436.00 

POUNDS 

UMS BURNED DURING ASCENT 

93697. 6B? 

POUNDS 

ACPS BURNED DURING ASCENT 

10750.000 

POUNDS 

EXTERNAL MAIN TANK 



TANK DRY WEIGHT 

2640.000 

POUNDS 

RESIDUALS 

17342.000 

POUNDS 

PROPELLANT BIAS 1 

1 2540.000 ) 

POUNDS 

PRESSURANT I 

[ 204C.000 ) 

POUNDS. 

TANK AND LINES 1 

1 9250.000 ) 

POUNDS 

ENGINES 1 

1 3512.000 ) 

POUNDS 

FLIGHT PERFORMANCE RESERVE 

11837.000 

POUNDS 

UNBUKNED PROPELLANT (MAIN TANK) 

511152.8 75 

POUNDS 

TOTAL END BOOST (EXTERNAL TANK) 

542971.875 

POUNDS 

USABLE PROPELLANT (EXTERNAL TANK) 

4590573.00 

POUNDS 

flyback PROPELLANT (FIRST STAGE) 

180942.250 

POUNDS 

SOLID ROCKET MOTOR (FIRST STAGE) 

9035259.00 

POUNDS 

SRM CASE WEIGHT (2) 

1040199.75 

POUNDS 

SRM STRUCTURE L RCVY WEIGHT 

0.0 

POUNDS 

SRM INERT STAGING WEIGHT 

1040199.7 5 

POUNDS 

USABLE SRM PROPELLANT 

7995060.00 

POUNDS 

TOTAL GROSS LIFT-OFF WEIGHT (GLOW) 

15696635.0 

POUNDS 
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PROPELLANT SUMMARY FOR THE ABORT MODES FOR 


CASE 


25 


ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 165.675 SECONDS 



UNBURNED MAIN PROPELLAN1 IN THE ABORT MODt 
EXCESS ON-ORBIT PROPELLANT IN THE ABORT MODE = 

0.0 

24287.062 

POUNDS 

POUNDS 

UNBURNED MAIN PROPELLANT IN 1HE RTLS MODE - 

511152.875 

POUNDS 

EXCESS ON-ORBIT PROPELLANT IN THE RTLS MODE = 

o 

• 

o 

POUNDS 

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN 

MODE INDICATED 


SHUTTLE SYSTEM NET PAYLOAD WITHOUT OMS KITS = 

&03900*000 

POUNDS 

MAIN PROPELLANT BURNED TO AUA/RTLS ABORT TIME= 

1686177.00 

POUNDS 

SHUTTLE GROSS LIFT-OFF WEIGHT (GLOW) 

15696635.0 

POUNDS 


PROPELLANT CROSS FEED FROM FIRST - SECOND STAGE = 
SECOND STAGE PROPELLANT CAPACITY - CROSS FEED = 

1663593.00 
3^098 29.00 

POUNDS 

POUNDS 



B .6 ALTERNATE FIRST STAGE PROPELLANTS 


A perforaance comparison was made of the reference configuration using 
LOX/RP with alternate propellant systems of LOX/CH 4 (Methane) and LOX/LH 2 - 
The comparative vehicle characteristics are tabulated in the attached computer 
data sheets and selected parameters are compared in Table B.6-1. Although the 
LOX/LHe configuration affords significant gains in payload capability » the 
considerably higher cost of LOX/LH 2 and the larger vehicle volume requirements 
result in a less cost effective configuration than the baseline. The increase 
in performance (~ 6 %) afforded by the methane system is significant and contin- 
gent upon cost/availability in the quantities required for SPS, is the prefer- 
red propellant system. 


Table Alternate Propellant Concepts 


VEHICLE 

WEIGHT (KGxlO®) 

FIRST STAGE PROPELLANT 1 

LOX/RP 

LOX/CH 4 

LOX/LH 2 

GLOW 

7.135 

7.151 

7.532 

BLOW 

4.831 

4.849 

5.109 

Wpi 

4.359 

4.372 

4.385 

ULOW 

2.177 

2.196 

2.260 

Wp 2 

1.579 

1.564 

1.552 

PAYLOAD 

0.231 

0.245 

0.318 

GLOW/PAYLOAD 

30.87 

29.18 

23.70 
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GENERAL ASCENT TRAJECTORY AND SIZING PR06KAM BY R.L.PUWELL 


DATE - 01/17/79 


Time - 21 : 58:24 


SATELLITE POWER SYSTEM (SPSl CONCEPT DEFIMTIDN STUDY 

TWO-STAGE VERTICAL TAKE-OFF HORIZONTAL LANDING HLLV CONCEPT 
BOTH stages HAVE FLYBACK CAPABILITY TO LAUNCH SITE (KSC) 

FIRST STAGE HAS AIRBKEATHER FLYBACK AND LANDING CAPABILITY 
FLYBACK PROPELLANT HAS A SPECIFIC FUEL CONSUMPTION OF 3500 SEC 
SECOND STAGE USES THE A BORT-ONC E- AROUND FLYBACK MODE (AOA) 

FIRST STAGE HAS L0X/METHANE/LH2 TRIPROPELLANT SYSTEM 

WITH H2 COOLED HIGH PC ENGINES (VACUUM ISP = 3361. 3SEC) 

SECOND STAGE USES LOX/LH2 PROPELLANT WITH VACUUM ISP 466.7 SEC 
T HE DESIGN PAYLOAD SHALL BE 500 KL8 INTO A CIRCULAR ORBIT OF 
270 N. MILES AND AN INERTIAL INCLINATION OF 31.6 DEGREES 
ASCENT SHAPED TO THE NOMINAL ASCENT MISSION 

MECO CONDITIONS ARE TO A THEORETICAL ORBIT OF 169.22 N. MILES 
BY 50.42 N. MILES (COASTS TO APOGEE OF 160 N. MILES) 

ON-ORBIT DELTA VELOCITY REQUIREMENT OF 1110 FEET/SECOND 

RCS SYSTEM SIZED FOR A DELTA VELOCITY REQMT OF 220 FEET/SECOND 


THE VEHICLE SIZED FOR A THkUST/WE IGHT RATIO AT LIFT-OFF OF 1.30 
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MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3.0 S 

TRAJtCTOkY HAS A MAXIMUM AERO PRESSURE OF 6SC LBS/FT2 
MAXIMUM AERO PRESSURE AT sTaGING LIMITED TO 25 LBS/FT2 

DIRECT ENTRY FROM 270 N. MILES ASSUMMED (DELTA V = 415 FT/SEC) 

PFIGHT PERFORMANCE RESERVE = 0.7556 TOTAL CHAC ASCENT VELOCITY 
“weight scaling per ROCKWELL IR AND D HLLV STUDIES 

A WEIGHT GROWTH ALLOWANCE OF 15:6 IS ASSUMMED FOR BOTH STAGES 

FIRST STAGE BURNS 7995060 POUNDS OF ASCENT PROPELLANT 
~SECONO ST’^“Td^ITERrENGlNES BURN 5092633 “lBs“o^^OPELLANT 

SECOND STAGE DRY WEIGHT WITHOUT PAYLOAD EQUALS 7i9503.LBS 

SECOND STAGE ASSUMES 4 ENGINES FOR ASCENT WITH 1 OUT FOR ABORT 
“~s"ECOND stage EPL TEiRUST LEVEL FOR ABORT IS 112 t FULL POWER 
SECOND stage OVERALL BOOSTER HASS FRACTION = 0.8489 W/0 MARGIN 
SECOND stage WEIGHT BREAKDOWN : 

RESIDUAL WEIGHT = 2070 POUNDS 

RESERVES WEIGHT = 3300 POUNDS 

RCS PROP WEIGHT = 17787 POUNDS 
FPR WEIGHT = 20362 POUNDS 

BURN-UUT ALTITUDE AT SECOND STAGE THRUST TERMINATION = 50 N. MILES 
ADVANCED TECHNOLOGY WILL BE CUMPATaBLE WITH THE YEARS 1990 L ON 


ASCENT HLLV SIZING RUNS MADE BY R.L. POWELL (EXT 3703 SEAL BEACH) 



VEHICLfc CHARACTEKISIICS tNUhi.\At 


IZ 


’■ 


STAGE 

1 

2 

3 


GROSS STAGE WElGHTt (LB) 

13765263 .0 

488 22 63.0 

4776883.0 


GROSS STAGE THRUST/WEIGHT 

1.300 

0.973 

0.994 


THRUST ACTUALt(LB) 

20A9A800.0 

47500 Ca.O 

4750000.0 


ISP VACUUM* (SEC) 

378. 6V1 

466.700 

466.700 


STRUCTURE* (LB) 

1051005.0 

0.0 

797077.0 


PROPELL/SNT* (LB) 

963 96bO .0 

1053 80.0 

3342640.0 


PERF. FRaC.*(NU) 

0.6115 

0. 0216 

0.6998 


PROPELLANT FRAC.*(NUB) 

G.9017 

1. 0000 

C.6075 


BURNOUT TIME* (SEC) 

161.591 

171.945 

501.922 


BURNOUT VELOCITY* (FT/SEC) 

84 72.344 

8715.793 

25954.094 


BURNOUT GAMMA* (DEGREES) 

13.737 

12 .388 

0.187 


BURNOUT ALTITUDE* (FT) 

185572.9 

205651.7 

319657.5 


BURNOUT RANGE* (NM) 

51.7 

63.6 

614.8 


IDEAL VELOCITY* (FT/SEC) 

1 1213.8 

11541.4 

29607.5 


INJECTION VELOCITY* (FT/SEC) 

0.0 

FLYBACK 

RANGE(NM) 

218.8 

INJECTICkN PROPELLANT* (Lb) 

0.0 

FLYBACK 

PROP(LbS) 

192314.9 

ON ORBIT DtLTA-V* (FT/SEC) 

1083 .8 




ON ORBIT PROPELLANT* (LB) 
ON ORBIT ISP* (SEC) 

97006 .6 
466 .7 




tHETA= 27.73 PITCH 

RATt= 0.00190 

ATTEMPTS TO CONVERGE= 3 

PAYLOAD *( LB) 

540157.0 
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NUMMARY WEIGHT SlATbMENT (NOMINAI 


(JRBITER WEIGHT BREAKDOWN 

^Y WEIGHT 

PERSONNEL 

RESIDUALS 

RESERVES 

IN-FLIGHT LOSSES 
ACPS PROPELLANT 

QMS PROPELLANT 

PAYLOAD 

BALLAST FOR CG CONTROL 
QMS installation KITS 
PAYLOAD MOOS 


719503. 

3000. 

2070. 

3300. 

I032A. 

17787. 

97008. 

590157. 

0 . 

0 , 

c. 


TOTAL END BOOST lORBITER ONLY! 


1393199.00 


QMS BURNED DURING ASCENT 
ACPS BURNED DURING ASCENT 


EXTERNAL MAIN TANK 

TAN K DRY WEIGHT 

RESIDUALS 

PROPELLANT BIAS 

PRESSURANT 

TANK AND LINES 
ENGINES 

F LIGH T PE RFORMANCE RESERVE 

UNBURNED PROPELLANT I MAIN TANK! 


2690.000 

17523.000 

2560.000 » 

2061.000 ) 

9352.000 ) 

3550.000 ) 

20930.000 

0.0 


TOTAL END BOOST (EXTERNAL TANK) 
USABLE PROPELLANT (EXTERNAL TANK) 


91093.000 
5 0926 33.00 


FLYBACK PROPELLANT (FIRST STAGE) 


192319. tf 75 


SOLID ROCKET MOTOR (FIRST STAGE) 

SRM CASE WE1GHT(2) 

SRM STRUCTURE L RCVY WEIGHT 
SRM INERT STAGING WEIGHT 


909 6065.00 
1051005.00 
0.0 

1051005.00 


USABLE SRM PROPELLANT 


7995060.00 


TOTAL GROSS LIFT-OFF WEIGHT (GLOW) 


15765263.0 



POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 

POUNDS 



POUNDS 

POUNDS 

POUNDS 


POUNDS 

POUNDS 

POUNDS 

POUNDS 


POUNDS 
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PROPfcLLANT SUMMARY FOR THE ABORT MODfcS FOR 


CASE 


26 


ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 171.945 SECONDS 



UNBURNEO MAIN PROPELLANT IN THE ABORT MODE = 

EXCESS ON-ORBIT PROPELLANT IN THE ABORT MODE = 

0.0 

30091.312 

POUNDS 

POUNDS 

UNBURNED MAIN PROPELLANT IN THE RTLS MODE 

349875.625 

POUNDS 

EXCESS ON-ORBIT PROPELLANT IN THE RTLS MODE = 

o 

• 

o 

POUNDS 

MINUS SIGN INDICATES PROPLLLANT SHORTAGE IN BURN 

MODE INDICATED 


SHUTTLE SYSTEM NET PAYLOAD WITHOUT QMS KITS = 

f>A0l57.00O 

POUNDS 

MAIN PROPELLANT BURNED TO AOA/RTLS ABORT TIME= 

175COOO.OO 

POUNDS 

SHUTTLE GROSS LIFT-OPF WEIGHT (GLOW) 

15 765263.0 

POUNDS 


PROPELLANT CROSS FEED FROM FIRST - SECOND STAGE* 
SECOND STAGE PROPELLANT CAPACITY - CROSS FEED = 

1644620.00 

3446013.00 

POUNDS 

POUNDS 
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GEMER<kL ilSCEMT TRAJECTORY AND SUING PROGRAM BY R.L.POWELL 


DATE - 01/19/79 


TIME - 17:56t54 


SATELLITE POWER SYSTEM (SPS) CONCEPT DEFINITION STUDY 

TWO-STAGE VERTICAL TAKE-OFF HORIZONTAL LANDING HLLV CONCEPT 
BOTH STAGES HAVE FLYBACK CAPABILITY TO LAUNCH SITE (KSCI 
FIRST ST AG E HAS AIRBREATHER FLYBACK AND LANDING CAPABILITV 
FLYBACK PROPELLANT HAS A SPECIFIC FUEL CONSUMPTION OF 3500 SEC 
SECOND STAGE USES THE ABORT-ONCE-AROUNO FLYBACK MODE (AOA) 

FIRST STAGE HAS L0X/RP/LH2 TRIPROPELLANT SYSTEM 

WITH HZ COOLED HIGH PC ENGINES (VACUUM ISP « 35Z.3 SEC) 

Second stage uses lox/lhz propellant with vacuum isp 466.7 sec 

THE DESIGN PAYLOAD SHALL BE 500 KLB INTO A CIRCULAR ORBIT OF 
270 N. MILES AND AN INERTIAL INCLINATION OF 31.6 DEGREES 
ASCENT SHAPED TO THE NOMINAL ASCENT MISSION 
MECO CONDITIONS ARE TO A THEORETICAL ORBIT OF 169.22 N.MILES 
BY 50.42 N. MILES (COASTS TO APOGEE OF 160 N.MILES) 

~0N-0RB1T DELTA VELOCITY REQUIREHENT OF 1110 FEET/SECoNO 

RCS SYSTEM SIZED FOR A DELTA VELOCITY REQMT OF 220 FEET/SECOND 
THE VEHICLE SIZED FOR A THRUST/WEIGHT RATIO AT LIFT-OFF OF 1.30 



MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3.0 G*S 


TRAJECTORY HAS A MAXIMUM AERO PRESSURE OF 650 LBS/FT2 
MAXTMUM aero PRESSURE AT STTGING LIMITED TO 25 LBS/FT2 

DIRECT ENTRY FROM 270 N.MILES ASSUMMED (DELTA V » »I5 FT/SEO 

PFI6HT PERFORMANCE RESERVE « 0.75S TOTAL CHAC ASCENT VELOCITY 
WEIGHT SCALING PER ROCKWELL IR AND 0 HLLV STUDIES 

A WEIGHT GROWTH AUOWANCE OF 15< IS ASSUMMED FOR BOTH STAGES 

FIRST STAGE BURNS 7995060 POUNDS OF ASCENT PROPELLANT 
“SECOND STAGE 10 wnTERTl ENGINES BURN 50926B3 LBS 0F“PI^ELLANT 

SECC»ID STAGE DRY WEIGHT WITHOUT PAYLOAD EQUALS 715166 LBS 

SECOND STAGE THRUST LEVEL a STAGING EQUALS 4750000 LBS 
f SECOND STAGE ASSUMES 4 ENGINES FOR ASCENT WHH 1 OUT FOR ABORT 

h* 

^ SECOND STAGE EPL THRUST LEVEL FOR ABORT IS 112 % FULL POWER 

SECOND STAGE OVERALL BOOSTER MASS FRACTION - 0.8489 W/0 MARGIN 
SEC0ND“STA6E WE1GHT“ IRET^DOWN : 

RESIDUAL WEIGHT » 2070 POUNDS 

RESERVES WEIGHT > 3300 POUNDS 
FPR ■ WEIGHT = 20202.P0UND^ 

RCS PROP WEIGHT » 17648 POUNDS 

BURN-OUT ALTITUDE AT SECOND STAGE THRUST TERMINATION « 50 N. MILES 
ADVAMCED“TEXHN0L06Y" WILL“BE C’d^ WI fH~ THE YEARS ^^TIQN 









116 


VEHICLE CHARACTERISTICS (NOMINAL MISSION) 


CASE 35 


STAGE 

1 

2 

3 


GROSS STAGE WEIGHT* (LB) 

16604204 .0 

5021797.0 

4894494.0 


GROSS STAGE THRUST/ HEIGHT 

1.300 

0.946 

0.970 


THRUST ACTUAL* (LB) 

21585424.0 

4750000.0 

4750000.0 


ISP VACUUM* (SEC) 

466.500 

466 .700 

466.700 


STRUCTURE* (LB) 

1596503.0 

0.0 

791663.0 


PROPELLANT* (LB) 

9667757.0 

12 73 03.0 

3293366.0 


PERF. FRAC.t(NU) 

0.5822 

0.0254 

0.6729 


PROPELLANT FRAC.t(NUB) 

0.85 83 

1.0000 

0.8062 


BURNOUT TIME* (SEC) 

164.350 

176 .858 

501.196 


P BURNOUT VELOCITY* (FT/SEC) 

9592.059 

9888.875 

25954.094 


BURNOUT GAMMA* (DEGREES) 

11.793 

10.415 

0.187 


BURNOUT ALTITUDE* (FT) 

195481.4 

218899.2 

319657.2 


BURNOUT RANGE* (NM) 

65.2 

82.0 

864.2 


IDEAL velocity* (Ft/sec) 

12154.0 

12539.5 

29318.1 


INJECTION VELOCITY* (FT/SEC) 

0.0 

FLYBACK 

RANGE( NM) 

271 .6 

INJECTION propellant* (LB) 

0.0 

FLYBACK 

PROP (LBS) 

318146.2 

ON ORBIT DELTA-V* (FT/SEC) 

1086.9 





DN—ORBIT PROPELLANT 1 1 Lb ) 106^6.7 

ON ORBIT ISP* (SEC) 466.7 


tHETA= 26.21 PITCH RArE= 0.00183 ATTEMPTS TO CONVERGE* 3 


PAYLOAD* (LB) 


700468 .0 


SUMMARY WEIGHT STATEMENT (NOMINAL MISSION) 


CASE 35 



ORBITER WEIGHT BREAKDOWN 
DRY WEIGHT 

715166.000 

POUNDS 


PERSONNEL 

RESIDUALS 

RESERVES 

3000.000 

2070.000 

3300.000 

POUNDS 

POUNDS 

POUNDS 


■— liihUI liia^ 1 1 1 1 

I02A3.000 

POUNDS 


ACPS PROPELLANT 

17648.000 

POUNDS 


OHS PROPELLANT 

108996.687 

POUNDS 


RAYLOAO 

700468.000 

POUNDS 


BALLAST FOR CG CONTROL 

0.0 

POUNDS 


OHS INSTALLATION KITS 

0.0 

POUNDS 


paylDaD mods 

0.0 

POUNDS 


TOTAL END BOOST 1 ORBITER ONLY) 

1560891.00 

POUNDS 


OMS BURNED DURING ASCENT 

0.0 

POUNDS 


ACPS BURNED DURING ASCENT 

0.0 

POUNDS 


EXTERNAL MAIN TANK 




TANK DRY WEIGHT 

2640.000 

POUNDS 

? 

residuals 

17394.000 

POUNDS 

p 

PROPELLANT BIAS 

( 2548.000 ) 

POUNDS 


PRESSURANT 

( 2045.000 ) 

POUNDS 


tank and lines 

1 9279.000 ) 

POIMDS 


ENGINES 

( 3522.000 ) 

POUNDS 


FLIGHT PERFORMANCE RESERVE 

20202.000 

POUNDS 


ONBORNED PROPECCANrTMAlN TANlO 

e;i5 

POUNDS 


TOTAL END BOOST (EXTERNAL TANK) 

40236.000 

POUNDS 






FLYBACK PROPELLANT (FIRST STAGE) 

318146.187 

POUNDS 


SOLID ROCKET MOTOR (FIRST STAGE) 

9591563.00 

POUNDS 


SRH CASE WEI6HT(2) 

1596503.00 

POUNDS 


SRM STRUCTURE CRCVY KblGHT 

DID 



SRM INERT STAGING WEIGHT 

1596503.00 

POUNDS 


USABLE SRH PROPELLANT 

T995060.00 

POUNDS 


TOTAL GROSS LIFT-OFF WEIGHT (GLOW) 

16604204.0 

POUNDS 
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PROPELLA NT SUHMARV FOR TH E ABORT HOPES FOR CASE 35 

ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION HOPE UP TO 176. 8S8 SECONDS 

ffNSURWtrTtTTliTTROPELLA^ THE ABORT MODE ^ OTO POUNDS 

EXCESS ON-ORBIT PROPELLANT IN THE ABORT HOPE « 40335»250 POUNDS 

UNBURNED MAIN PROPELLANT IN THE RTLS MODE « -3 133 6,0 00 POUN DS 

EXCESS ON-ORBIT PROPELLANT IN THE RTLS NODE « 0.0 POUNDS 

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN NODE INDICATED 



MAIN PROPELLANT BURNED TO AOA/RTLS ABORT TIME> 1800000.00 POUNDS 


SHUTTLE GROSS LIFT-OFF WEIGHT (GLOW) > 16604204.0 POUNDS 




SECOND STAGE PROPELLANT CAPACITY - CROSS FEED s 3420664.00 POUNDS 






APPENDIX C. ELECTRIC ORBITAL TRANSFER VEHICLE SIZING 


APPENDIX C 

ELECTRICAL ORBITAL TRANSFER VEHICLE SIZING 


G.O INTRODUCTION 


The data contained herein relates to preliminary sizing of large electric 
orbital transfer vehicles (EOTV) capable of delivering payloads from LEO to 
GEO of the order of 5x10® kg and return payloads (payload packaging) of 10% of 
the LEO to GEO payload. Total trip times are of the order of 2700 hours. 

The benefits to be derived from employing large electron bombardment ion 
thruster systems using argon propellant have been discussed in References 1, 

2, and 3. Maximum useful thruster size (diameter) for single grid systems 
have been estimated in Reference 3 where it was shown that thruster system 
cost is relatively insensitive to thruster size. A grid set span to gap ratio 
of 600 is considered a practical limit. In this study, the span to gap ratio 
problem is alleviated by assuming multiple, concentric grid sets up to three 
as required. Five grid sets have been tested in the laboratory at NASA Lewis 
Research Center (LRC) . Sovey (Reference 3), with the help of Child's law, has 
determined an empirical expression for the ability of a grid set to extract 
the maximum ion current (per hole) for minimum total accelerating voltage 
(Perveance limit). Beyers and Rawlin (Reference 1) have projected the per- 
formance of 100 cm diameter thrusters based on identified constraints such as 
perveance and temperature. They indicate that thrusters might operate at tem- 
peratures as high as 1900 K. However, they used a conservative temperature of 
973 K (where the grids begin to glow) in their own work. Since molybdenum 
grids have survived temperatures of 1900 K for several hundred thousand hours 
without significant creep (References 4 and 3) , 1900 K was taken as the upper 
temperature limit in this study. 

The EOTV sizing philosophy used in this study is in harmony with the phi- 
losophy found implicitly in References 1 and 3. That is, since thruster system 
cost is relatively insensitive to component size, a considerable cost savings 
can be achieved by operating at high thrust levels with a small number of 
large diameter thrusters. This is in lieu of a large number of small thrusters 
which impose a severe burden on orbital labor with respect to both construction 
and refurbishment. The lengths of electrical conductors and propellant lines 
can be many kilometers for small diameter thrusters. Further, the reduction 
in the number of components associated with large diameter thrusters implies 
an increase in system reliability. 

The grid sets are more subject to failure than other thruster components 
because of bombardment by singly and doubly charged ions. It is therefore 
assumed that the grid sets will be refurbished after each round trip. When 
large payloads are returned it may be necessary to refurbish or replace grid 
sets more often, i.e., after each payload transfer. The grid set lifetime as 
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a function of beam current (operating temperature) is not known for the opera- 
tional time period under consideration. There is currently at least a decade 
to improve thruster state-of-the-art. The data presented will therefore re- 
flect what is believed to be the technology of the next decade. 

The choice of argon as the working fluid is based upon its great abundance 
and environmental suitability. Argon is currently obtained as a by-product in 
air reduction processes. The one billion kilograms of argon produced annually 
are largely discarded thus affording a readily available and low cost propel- 
lant • 


C.l STUDY GUIDELINES 

The following ground rules and assumptions were employed for the EOTV 
study: 


• The LEO parking orbit is at 500 km altitude and 31.6 degree 
inclination. 

• Transfer time from LEO to GEO will be 120 days of which 20 days 
is in the Earth's shadow. 

• The vehicles will either return empty or with ten percent of the 
up payload. 

• Ten percent of the payload mass is packaging. 

• The propellant utilization efficiency is 0.82. 

• The steady state loss in thrust because of ion beam divergence is 
five percent- Xj) * 0.95. 

• The thrust vector steering loss is five percent. Ys “ 0.95. 

• Gallium aluminum arsenide solar cells are used with an assumed 
self annealing capability at 125®C. It is assumed that all 
electron damage due to radiation is annealed out and only proton 
damage results in degradation to the cell. Those losses are 
assumed as follows : 

4% non-annealable loss due to proton damage over 10 year life 
6% plasma loss when operating in LEO 
5% loss due to pointing errors 
6% loss in line due to voltage drop 

21% total loss in system efficiency 

• Electric power is provided by two SPS panels with a blanket area of 
900,000 m^. Solar reflectors are employed with a concentration ratio 
of 2. 

• A plane change with optimum steering to the equatorial plane is 
assumed with a velocity increment of 5688 m/s. 
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• A propellant reserve of 0.75 percent is assumed effectively 
increasing AV to 5730 m/s. 

• Attitude hold only is employed during periods of Earth shadow- 
ing. Ion thrusters powered by storage batteries provide the 
required thrust. 

• Advanced storage batteries are used that yield 200 watt-hours/ 
kg of electrical energy. 

C.2 ESTIMATING RELATIONSHIPS 

The necessary formulas for estimating electric thruster system parameters 
and payload masses are presented herein. An attempt is made to ensure that the 
estimating relationships are self-consistent, realistic for the second decade, 
and that power and energy are conserved. Each formula is discussed, referenced 
when required, and derived when presented for the first time, or when additional 
clarity is justified. 

An objective of this study is to take advantage of economies of scale. 

This coupled with the desire to have larger thrusters and fewer components 
leads to high grid set temperatures. Grid temperature was therefore a driving 
independent variable in this study, and ranged from 1900 K down to 1000 K. For 
each temperature selected, three maximized dependent variables are automatical- 
ly defined, i.e., total extraction voltage (Vi) > maximum thruster diameter (d) , 
and maximum beam current (Jb) • 

C.2.1 Total Extraction Voltage - Vx (Volts) 


Referring to Figure C-1, Vx is the potential difference between the anode 
and the accelerator grid. The total extraction voltage is limited by the allow- 
able grid-set temperature, and for the maximum thruster parameters considered 
here, it is uniquely related to operating temperature. That is, 

Vt - 0.012307T^‘”’® (1) 

independent of thruster diameter. Equation (1) is derived from work by Sovey 
(Reference 3) who found that the average measured temperature of the grid-set 
corresponded to a model grid with an emissivity of 0.4, that absorbed 25 per- 
cent of the discharge power. The discharge chamber loss ei was taken to be 
200 for argon.. 

C.2. 2 Net Accelerating Voltage - Vn (Volts) 


Once again referring to Figure C-1, V^, is the positive part of Vx, re- 
sponsible for imparting the initial momentum to the ionized argon. 

For convenience the ratio R is used to relate Vn and Vx, i.e., 

R - Vn/Vx (2) 

Thrusters have been operated with values of R ranging from 0.2 to 0.9. 
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Figure Argon Ion Thruster Module 

(not to scale) , Modified from Reference 1 


C.2.3 Propellant Utilization Efficiency - riu 


The electric ion bombardment thruster operates by accelerating argon, or 
other suitable ions, to high speeds by subjecting them to a suitable potential 
difference. In the thrusters considered here, argon gas is first introduced 
into the thrust chamber and ionized by a voltage of about 40 volts which is 
high enough to ionize argon atoms with a single impact. The first ionization 
potential is 15.755 electron volts. Argon atoms that are initially excited 
but not ionized, may occasionally become doubly ionized (requiring 43.38 ev) . 
Doubly ionized argon atoms are apt to bombard the grid structure, causing 
damage (sputtering) and penalyzing thrust and specific impulse. 

In addition, some of the propellant remains un-ionized and is exhausted 
at low speed as a diffusing hot gas. It is necessary therefore to introduce 
a penalty, r)u, on both thrust and specific impulse that can be determined by 
measurement. The parameter riu is called the propellant utilization efficiency. 
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By making cvo reasonable assumptions, one can acquire a feeling for pro- 
pellant utilization* First, assume that all singly charged argon Ions are 
accelerated to identical speeds, v, by the net potential difference V^. 
Second, assume that the fraction of doubly charged Ions Is small compared to 
the fraction of singly charged ions. Then from conservation of momentum 


k k 

Z v.m. ■ V 2 m 
1-1 ^ ^ 1-1 ' 


V m 

P 


where v-vi-V 2 -----v^- ion speed, 

V - mean speed of all exhaust materials, 
and mp - mass of exhausted material (ions and neutrals). 

The propellant utilization efficiency is then defined by 


0*8 < Hu 


V 

V 


k 

Z m± 
i-1 


“p 


< 


0.9 


where the limits on r)u ^PP^y to ionized argon* 


C.2.4 Specific Impulse - Isp (seconds) 

Actual specific impulse can be defined by 


(3) 


I 


sp 



(4) 


where g - 9.807 m/s^ the mean acceleration of gravity. This can also be 
expressed in terms of electric parameters. If ions are accelerated through 
a potential difference one can write (summing i from 1 to k) 


i Z - i v^ k m - S (5) 

where q^ is the charge on each ion of mass m. Solving Eq. (5) for v^ 
yields 


and 


V 


km ” km 


2Vjj (q/m) 





^sp " y2Vjj(q/m) . 


( 6 ) 
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The ratio of charge to mass for argon is 
q/m - 2.4162x10® C/kg, 


C7) 


and 


= 0.82. 

After substituting the numerical values from Eq. (7) into Eq. (6) one obtains 


I - 223.96 n V„®*® 
sp u N 

- 183.65 Vjj®*® seconds, 

and conversely 

V„ = 1.994 I ^/(n ^xio®) 

N sp u 

= 2.9655 I ^ 10"® volts, 
sp 


( 8 ) 


(9) 


Specific impulse as a function of voltage ratio and grid temperature is depict- 
ed in Figure C-2. 

Ideal or "electrical" specific impulse is obtained by setting equal to 
unity. The specific impulse used herein is as defined in Eq. (6). It is based 
on conservation of energy and momentum and yields either a maximum ion speed 
or a mean propellant exhaust speed. The fact that the beam may be 
diverging and producing a useless component of thrust will be considered later 
by introducing a thrust efficiency term, Yt* Thrust is a measurable quantity 
and, in particular, the useful thrust along the thruster axis can be determined. 

Estimated thrust vector steering losses (ys) will also be introduced at 
the same time. With this approach there is no pseudo modification of maximum 
or mean propellant exhaust speeds or of specific impulse. The modification 
comes in the total propellant mass for rate (iip) ; part of it diverges and does 
no useful work. This is taken into account empirically and avoids giving the 
impression of an improvement in specific impulse. 

Factors which enter into beam divergence include: (1) electric field in- 

tensity divergence; (2) mutual repulsions of singly and doubly charged ions; 

(3) the applied magnetic field; and (4) the discharge power that creates the 
ions. The discharge may be ten percent or more of the total power provided. 

C.2.5 Maximum Thruster Diameter - (cm) 


An expression for the maximum useful beam diameter, which is tantamount 
to the maximum useful thruster diameter, d, was presented in Reference 2: 

d - 1.5x10"® I 2 m/n (10) 

sp u 
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R 

Figure C-2 , Specific impulse as a function of voltage 
ratio, R, for operation at temperatures indicated. 

where m » 39 .948, the molecular weight of argon. Taking this value for m, with 
the help of Eqs, (8) and (1), and using 0.82 for Hu yields 

d - 8.9117x10“'^ I ^/R, (11) 

sp 

- 3.0051x10-^ (cm) 

The straight dashed line in Figure C-3 is a plot of V-j versus maximum 
thruster diameter based on Reference 2, The maximum operating temperature 
corresponding to Vx is shown as a solid line which is almost linear over the 
range of Vx (5100 to 8300 volts). 

C.2.6 Maximum Beam Current - (Amperes) 


The accelerator system, consisting of a screen grid and an accelerator 
grid (Figure C-1) , Imposes a basic limitation on the obtainable beam current 
density because of the ’’perveance” limit. The perveance limit in effect deter- 
mines the point where any increase in the total accelerating voltage, Vx» results 
in high voltage breakdown. 
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Figure C-3. Total extraction, voltage versus selected 
grid- set operating temperatures , based on Eg* (1) / and 
tiaruster diameter, based on Eg. (11) . 


Sovey (Reference 3) has determined an empirical relationship for argon 
thrusters which yields the maximum practical ion current, Jb, for dished grid 
systems, operating near the minimum gap (0.06 ± 0.008 cm). This is given by 

Jg - 4.97 (12) 

where Jg - beam current (amps), 

and d « maximum thruster diameter (cm). 

The maximum value for has already been given by Eq. (1) where the select^ 
ed operating temperature, T, is the independent variable. In terms of T, the 
maximum beam current becomes 

Jg » 2.5072 (13) 

C.2.7 Beam Electrical Power - Pb (Watts) 


The beam electrical power is given by 
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* J3V.J1R 


- JbVn 

The beam power is controlled by the mass flow rate of argon entering the 
thrust chamber. The discharge power, P^, which is the power expended in ioniz- 
ing the incoming argon gas, is necessary in order to have an ion beam but is not 
part of the beam power. A plot of thruster module power as a function of extrac- 
tion voltage ratio, R, for operating under conditions of maximum beam power and 
thruster size (as determined by the perveance limit, a grid-set span to gap ratio 
of 600) for various operating temperatures is shown in Figure G-4. 



= 1750 K 



» 1600 J^ 


1450 K 


1300 K 


1150 K 


1000 K 


■K—n— HI 


Figure C-4. Thruster Module power as a function 
of extraction voltage ratio, R. 








C.2.8 Thruster Module Electrical Efficiency - Tie 


The electrical power efficiency, of a. thruster module in achieving a 

beam power, P^, is given by 


+ ^GS ^ 


where Pgs “ Grid set loss*, 

“ 0.0025 JbVj^, (an empirical value) 

PD » Discharge power loss*, 

- 200 Jb, 


and 




Beam neutralization loss*. 


- 300 Watts (assiimed constant). 
In terms of voltages and currents 


He “ 




JgVjj + 0.0025 + 200 Jg + 300 


(13) 


(16) 


RV. 


N 


RV„ + 200 R + 0.0025 V„ + 300 R/J„ 

N NS 


/ R + 0.0025 \ ^ 

V ^ 


For the large, high power thrusters considered in this study the efficiency 
may be approximated by 

% “ Vn/(Vj^200) 

within 0.6% at the extremes. When the beam power is small (i.e., < 300 W) 

Eqs. (15) and (16) should be used. 

A plot of thruster electric efficiency versus R is presented in Figure C-5 
for six values of Isp- A temperature of 1900 K was considered the maximum allow- 
able for extended operation of molybdenum grids. This is indicated by the dashed 
line in Figure C-5. Operation in the shaded area is not permitted. At these 
higher temperatures it is assumed that the grids would be replaced periodically. 

In Figure C-6 the electrical efficiency is plotted against R for various 
selected operating temperatures- The efficiency increases with grid-set 
temperature, and at a given temperature, also increases with R. 


*Based on conversations with V. K. Rawlin, NASA, LRC 




Figure Electrical power efficiency as a 

function of extraction voltage ratio, R. 


Knowing the electrical efficiency, one can determine the required input 
power per thruster, Pth> operation at maximum beam power (i.e., maximum 
thrust) . This is given by 


P 


TH 





(17) 


However, Eq. (17) does not include electrical power losses or conductor 
mass penalties attributable to the power input lines distributed within a 
thruster array. This is the subject of the next section. Such penalties can 
be serious when the number of thrusters becomes large. Figure C-7 indicates 
the number of thrusters required for a total array input power of 268.1 MW 
as a function of extraction voltage ratio and grid-set temperature. 


C.2.9 Thruster Performance 


Electric and Mechanic Power. 


The ion energy, E, from Eq. (5) is 


E - kmv =* kq 
- Mv - Q 

where M » total mass of k ions 

Q - total charge of k ions. 
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NUMBER OF THRUSTERS 
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Figure C-7 . Number of thrusters for a fixed array 
input power of 268.1 MW as a function of extraction 
voltage ratio and grid-set temperature. 

m 

where the beam current Jb is used for Q. Now with the help of Eq, (3) and (4) 
V and V can be eliminated to give 


i iip vVHu - i ^8" 




sp 


The propellant flow rate is therefore 


( 21 ) 
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or for N thrusters each with beam power Pg 

ip - 2 N P^n^/^'g Igpj^ (kg/s). (22) 

Clearly, the mechanical power, Pni>. is equal to the electric power Pj;, and is 

i ^ 8 ^sp^/^u (23) 

Thrust . Thrust is the rate of change of momentum with respect to time. 
Since the propellant exhaust speed is constant, the thrust, F, is derived 
from the mass flow rate. Thus 

F - (24) 

where Y ■ ^ 0*9025. 

As defined here y is the thrust utilization ■ efficiency which accounts for 
thrust losses caused by beam divergence (yd) and the thrust vector steering 
(Ys) • According to V. K. Rawlin of NASA, LRC, grid compensation techniques 
should be able to maintain YD 0.95 or more. 

Equation (24) can be expressed in terms of beam power by employing 
Equation (22) . 

F - 2NPgn^Y/gIgp (25) 

C.2.10 The Rocket Equation 

Consider an EOTV with initial mass mi, final mass (at burnout) m^ and a 
required velocity increment AV. 

The total propellant expended in time At is 

m^ “ (26) 

Gravity losses for low thrust flights between LEO and GEO are assumed to 
be small. The thrust acting on the EOTV is given by 

F - ip^ - Vg (27) 

where t » time, or thrust duration, 

Vg * vehicle acceleration, 
and m^ ** vehicle initial mass (t*0). 

The acceleration of the spacecraft at any time, t, from Eq. (27) is 

Vg - mp^/^i^-niptj (28) 
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Now substituting 


W ■ m.-m t, 
i P 


and dW - ipdt, 

in .Eq. (28) and integrating yields 

.At 

'0 


m.-m At 

i p 


- -n J ^ . 

*'0 m. 


or 


Av - AV^ - glgpY^-n 

With the help of exponentials, Eq. (29) can be written 


(29) 


Av/gig Y 

• m^e ^ , where 


m . =* m +m- , and 
1 p f ’ 


( Y \ 

m - m\e ^ -I } , 


or 


m 




C.2.11 Attitude Control Propellant 


(30) 

(31) 


(32) 


Some of the electric thrusters are used for attitude control while in the 
Earth’s shadow. (Batteries are used to provide the required power). The max- 
imum control thrust requirement occurs in LEO where the gravitational torques 
are highest. Control requirements become quite small in GEO. In this analysis, 
the average control thrust was taken to be 400 N, which is believed to be con- 
servative. 


The control propellant mass was estimated by taking appropriate fractions 
of the total propellant consumed during the daylight thrusting period. Thus, 
for a 120 day trip time and 100 days of thrusting time the shadow period is 
close to 20 days, which gives a factor of 0.2. The propellant mass is further 
reduced by the ratio of control thrust (400 N) to total thrust (F) . Thus^ the 
control propellant mass, nipc> is given by 
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« 17280 m At (days) x/-- - 

p im gl Y 

\ p® sp' 

- 780,945 At(days)/I^p 

C . 2 . 12 Thruster Array Properties 

Total Distributed Conductor Length s Figure C-8 represents an upper 
quadrant of a rectangular array of thrusters. The array is fed from a junc- 
tion at the center labeled Pq* We shall consider only this quadrant and cal- 
culate the total mass and total power loss of the power distribution wiring 
between the thrusters in the quadrant and the terminals in the junction box. 

Each of the N thrusters is connected by a pair of conductors that run 
horizontally along the width of the array, and then vertically along the 
height, L^. This is illustrated for the kth thruster. The thruster diameter, 
d, and the number of thrusters, determine the array dimensions. The separation 
distance between thrusters, or between a peripheral thruster and the adjacent 
edge of the array structure, is half the thruster diameter, i.e., d/2. Thus, 
the vertical distance to the kth thruster is 

- d [^1 + 1.5 (k-1) J - f (3 K-1) (34) 



Figure Schematic representing one quadrant 

of a rectangular array of thrusters 
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If there are thrusters In each column the cumulative length of wires 
(one way) Is given by the sum 


2 

k - 1 


'^h + 3 N^)/4 


(35) 


Since each thruster requires two wires the total vertical wire length per 
column becomes 

^ 3 ^ h )/2 ^ 36 ) 

Since there are columns, the total length of vertical wiring is 

- ®h"w 2 ■ »'> 

There is also a horizontal component of wire, the total length, of 

which is given by a similar type formula, 

h.t ■ ^ 

If Equations (37) and (38) are added together the total required two-way 
wire length, is obtained by 

‘c ■ (“h + ■•„)] • «« 

For a square array 

Nh - \ - n/n C40) 



where N is the number of thrusters. 

Array conductor length as a function of extraction voltage ratio for 
several operating temperatures is presented in Figure C-9 for an array input 
power of 268.1 MW. 

Distributed Conductor Size, Mass, and Power Loss . Transmission of 
electric power from the array input junction to each thruster is critical Co 
the array sizing problem, not only with respect to mass, length, power loss 
and cost, but also with respect to orbital labor, ease of construction, and 
refurbishment. It is desirable to have conductors that radiate heat efficient- 
ly, but are not of excessive area so that the insulation is subject to numerous 
pin holes from micrometeoroid impacts. Each such opening is a potential site 
for plasma discharge losses when at low orbital altitude. Restrictions were 
therefore applied to the size and shape of the conductors. 
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ARRAY CONDUCTOR LENGTH (TWO WAY) -it («»») 












I 


In a point design there are good reasons why cylindrical conductors might 
be preferred. For example, the conductor area exposed to meteor streams could 
be reduced by an order of magnitude. This Is Important with regard to the 
Kapton Insulation which could deteriorate prematurely both thermally and 
electrically* Small "pinholes" can yield significant plasma discharge losses 
In LEO (Reference 6) • The reduction In conductor area permits an associated 
Increase In the Kapton mass density. Further, there Is the possibility of 
heating the argon by piping It through the cylindrical conductors. This also 
tends to keep the conductors cooler and therefore yields more available elec- 
tric power. However, time did not permit a completion of this analysis. For 
purposes of this parametric study the conductors are assumed to be rectangular 
and shaded at all times* 

A conducting strip with a width/ thickness (m/n) ratio of 20 can be a 
reasonably good thermal radiator, and still retain structural Integrity. A 
lower limit of 0.038 cm (15 mils) was placed on thickness. Strips of this 
size can be handled during construction or repair phases without excessive 
difficulties . 

The power dissipated In a flat conductor Is lost mostly by radiated heat. 

A layer of Kapton ) .00254 cm thick (one mil) was used to Improve the radiation 
efficiency and also for Insulation to help prevent plasma discharges. Kapton 
has an emisslvity, e, of approximately 0.68 which Is an Improvement on aluminum 
(0.05 to 0.11). 

The maximum allowable wire temperature from electric power loss heating 
was assumed to be 373.16 K (100®C) . A summary of the assumed conductor char- 
acteristics Is given below: 

T < 373.16 K maximum conductor temperature, 

m - 20 n width of conductor, 

A ■ mn ■ 0.05 m^ cross section, 

n > 0.0381 cm (15 mils) In thickness, 

p « 2.70 g/cm^ density, 

and for the electrical resistivity 

Ye - 2.828x10“^ [1+0.0039 (T-293.16)] ohm-cm 

« 3.7103x10-® ohm-cm at 373.16 K 

The thermal power radiated Is given by 

Ph - 2£mea t"* + 2ilneaT‘*, (41) 

- 2J^ea T^ (m + n) 

where a - 5.66961x10-^^ W/cm^/K**, 
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The Stephan-Boltzman constant. 


The thermal power radiated, Pjj, is balanced by the electrical power Pj^ 
lost, or dissipated, in the conductor. The power lost in a conductor of length 
with a voltage drop AV and current I is 

(42) 

Equating the rhs*s of Equations (41) and (42) yields 

mn (m + n) - - 0.0525 (43) 

and m - 9.5238 l^y^/zax'* , 

- 6.986x10® I=^[1+0.0039(T-293.16 )]/t‘* (44) 

At the upper temperature limit (373.16 K) 

m® - 4.72696 x10-“* iS cm® (45) 

and m ■ 7.78982x10“^ cm 


Pji - AVI - » 201^ 


The total conductor mass Mq, of length which includes a 10 percent penalty 
for structural support is given by 


Mq “ 1.1 - 1.1 pmnJl^ 

- 1.485x10"“* m® SL^, kg 

the total power lost in the array wiring of length is 


(46) 


5 . 656x10“® [ 1+0.0039 (T-293. 16) ] 


■Sit 


m‘ 


(47) 


7.42067xio-®£^lVmS Watts at 373.16 K 


Equations (45 through (47) can be used to size the array conductors once the 
current I is known. 


Solar Panel Bussbar Power . The required power. for the thruster array 
from the solar panels is 

'■o ■ *'(=■; I'ih) 

where P^ * conductor panel loss per thruster, 

N * number of thrusters, 
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and 


i average two-way conductor length from junction box 

to each thruster. 

The net voltage drop, Vq, in the distributed wiring and thruster array 


is assumed to be 

+ Vjj (49) 

where conservation of current requires that 

I - Jg/rij, (50) 

Equation (48) can therefore be written 

- NI [Vjj + lYgJl/(mn)] . (51) 

The bussbar current for the entire array Is therefore 

- NJ^/nj. . (52) 


Application to Electric Thruster Arrays . It is desired that the voltage 
Vn each thruster be fixed, for any given specific impulse, Isp* In order 
to keep the voltage, V^, at each thruster identical it will be assumed that 
the thrusters are connected in parallel, each with a properly designed "fuse" 
in case of a short circuit. The power losses, in the distributed conductors 
are assumed to be identical for each thruster. In order to make a fair compari 
son of required wire mass and sizes the conductor width m is determined initial 
ly from Equation (45) under conditions where the current per thruster is at a 
maximum and therefore m is at a maximum. This occurs, assuming fixed total 
available power, when the array size is at a minimum (R ■ 0.9), and the grid- 
set temperature, and therefore Vx» are at the highest values to be considered 
[see Eqs. (1) and (2)]. 

Equation (47) is then used to determine total conductor power loss. This 
power loss fixed thereafter in order to have a fair basis of comparison 

Thus, as R is increased, m can be determined from the relation 

m - 8.6143xl0~^ I , cm (53) 

which then leads to conductor mass. 

Conductor masses are shown in Figure C-10. The increases in conductor 
mass are phenomenal with decreases in R and/or T. 

For subsequent point design studies it was found beneficial to keep the 
ratio of P£t/Mc comparable to Mpid/Po where Mpid is the mass of the payload. 

In other words up to a point it pays to increase the array conductor mass, 
and thereby reduce the array electrical power loss. This increases thrust 
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ARBAY ELECTRIC 



R 

Figure C-IO. Electrical conductor mass of length 
Si^ required to feed N thrusters as a function of 
grid set temperature and extraction voltage ratio, 

R. 


C-22 




and may ylald an Increase in payload that exceeds the increase in conductor 
mass. Also, it enables operation at much lower wire temperature which reduces 
resistivity. Thus, fromEqs. (46) and (47), and the relation 




it follows that 


m 


0.78559 [1+0.0039 (T-293.16) 





(54) 


Thruster and Supporting Structure Mass . Referring to Figure C-8, the 
height of the array is and the width L^. In terms of thruster diameter, d, 
the array height and width is given by 


^ - 1.5 \ 

and L - 1.5 N d. 

w w 


Also N - N^N , 

h w 


where and are the respective number of thrusters along the height and 
width, and N the total number of thrusters. The total thruster module mass 
is given by 

- 120 dS kg (53) 


where d is in meters. 


The structure mass can be taken to be ten percent of the total thruster 

mass. The total mass of thrusters and structure M is therefore 

sth 


M 


sth 


132 N.N kg, 

h w > 


(56) 


Thruster array mass as a function of grid-set temperature and extraction voltage 
ratio are presented in Figure C-11. 

Battery Mass . During periods of darkness when the EOTV is eclipsed by 
Earth, a fraction of the thrusters are operated on batteries to accomplish 
attitude control. The required battery capacity is determined by the longest 
duration of darkness, tj^, about 30 minutes. There is ample time between 
eclipses for the batteries to recharge. If Is the required control thrust 
and Eb is the watt-hours/kg capability of the batteries then the battery mass, 
ms, is 
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I 



8^sp."d^c 




Adding ten percent for structure, yields 

“b 


5.39385 I t.F 
sp d c 




C57) 


(58) 


For the parametric study the following values were assumed: 


F - 1000 N 
c 

»■ 0e5 hours, 

and - 200 Watt-hours /kg. 

D 


Equation (58) can therefore be written 

mg - 18.22 Igp/rig. kg 

or in terms of 


“b 


3346 X 


'^N+200 




C.3 PARAMETRIC EOTV SIZING 


(59) 


(60) 


Figures C-^12 through C-20 present some of the results of the parametric 
study which, in effect, are estimates of thruster and spacecraft parameters as 
a function of grid-set temperature and extraction voltage ratio. The tempera- 
tures ranged from 1000 K to 1900 K. All of the figures have captions that 
should be self-explanatory. 

The electric power wasi assumed to be constant at the thruster array junc- 
tion box. The total power available, after subtracting the various losses such 
as 15 percent solar array degradation, and 6 percent line loss, etc., at the 
junction box was 268.1 mW. Initial power from two SPS bay solar arrays was 
333.5 mW. The power available per thruster array for four arrays is 67.025 mW. 
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Figure C-i^. Propellant expended by the electric 
OTV in transporting payloads between LEO and GEO 
for the indicated temperatures as a function of 
extraction voltage ratio, R. 






MASS IN GEO - nif (kg x 10 



R-EXTRACTION VO IT AGE RATIO 


Figure C~13. Final massr fflf/ remaining upon 
arrival in GEO after expending a mass of 
propellant, mp as a function of R for the 
indicated grid-set temperatures- 
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empty electric eotv mass 
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Figure C-14. Empty EOTV mass as a function of 
R for the Indicated grld^set temperatures, 

(Return propellant lines and tanks not Included.) 
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Figure C-i7. Payload delivered to GEO with EOTV 
returning without payload to LEO, 
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return trip time - (OATS) 



Figure C--18. Electric OTV return trip time 
from GEO to LEO hrithout payload. 
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Figure C-29. Net accelerating voltage for the 
indicated grid-^set temperatures as a function 
of the extraction voltage, ratio, R, 







Figure Q-2Q. Estimated thrust duration versus 
total trip time for optimum thrust vector 
steering . 
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The various EOTV fixed masses (kg) were: 


Solar Array 

588,196 

cells/structure 299 ,756 

power conditioning 288,410 


Thruster Arrays (4) 

2,256 

beam/gimbals 2,256 


Attitude Control System 

1,000 

system components 274 



590.726 kg 

An interesting result was deduced from the supporting calculations for 
Figure C-17 . The payloads delivered to GEO increase as the grid-set temperature 
decreases, down to about 1300 K. At 1150 K the payload falls below the 1300 K 
curve, as R approaches . 0.2 , because of excessive electrical conductor mass. 

At 1000 K, and at R = 0.2, the payload drops almost two million kilograms more 
but peaking at R » 0.32. Presumably, as the temperature is lowered this peak 
would occur at increasing values of R. 
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